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HEAT-RESISTANT REFLECTING LAYER, LAMINATE FORMED OF THE 
REFLECTING LAYER, AND LIQUID CRYSTAL DISPLAY DEVICE HAVING 
THE REFLECTING LAYER OR THE LAMINATE 

5 BACKGROUND OF THE INVENTION 

rOQOl] The present invention relates to a highly heat- 
resistant reflecting layer, which is used for producing a 
reflector or a reflective wiring electrode of a liquid 

10 crystal display device, a reflecting layer for building 
glass, a laminate, or a liquid crystal display device. 
More particularly, the present invention relates to an Ag- 
alloy reflecting layer that has a high reflection index, a 
laminate formed by the reflecting layer, and a liquid 

15 crystal display device having the reflecting layer or the 
laminate. 

r0002] Various materials are used for reflecting layers 
including a reflecting layer for producing a reflector or 

20 a reflecting firing electrode of a liquid crystal display 
device and a reflecting layer for building glass that 
reflects infrared rays and heat rays. In addition, 
laminates of the reflecting layers are developed to 
increase the reflection index and to improve the 

25 functionality of the products. The products of the 

reflecting layers, which have improved characteristics, 
have been used in various fields and for various 
applications . 

30 r0003l Typical materials for the reflecting layers are Al, 

an Al alloy that includes Al as its main component, Ag, an 
Ag alloy that includes Ag as its main component (such as 
Ag-Pd) , and an Au alloy. The reflecting layers formed of 
such materials have high reflection index in the optical 

35 wavelength regions from 400 to 4000 nm, which include both 



visible and infrared regions. 

ro0041 Al has high reflection index and is very inexpensive 
and useful- Al and an Al alloy are usually used for the 
5 reflector and the reflective wiring electrode of 

reflection-type liquid crystal display devices- Such 
liquid crystal display devices are used for portable 
terminal devices such as cellular phones. When an Al alloy 
is used, problems associated with pure Al such as 

10 irregularities in the layer, which are called hillocks, 
and deterioration of the face of the reflector and the 
reflective wiring electrode can be overcome. When the 
reflection index of the reflector and the reflective 
wiring electrode is high, the electric power sent to the 

15 light source is reduced and the illuminance of the liquid 
crystal display device increases by about 20 %. 

r0005] Aq has the highest reflection index among many metal 
elements in the optical wavelength regions from 400 to 
20 4000 nm. Therefore, Ag has good characteristics for a 
reflecting layer. 

rooOfrl Among visible rays, infrared rays, and ultraviolet 
rays that are emitted from the sun, Al, Al alloy, Ag, and 

25 Ag alloy transmit the visible rays and reflect the 

infrared rays and heat rays. The visible rays have direct 
relation with lighting. The reflection of the infrared 
rays and the heat rays is effective to prevent the outside 
rays from coming into a room. Therefore, the above 

30 materials are used for building glass such as windowpanes. 

r0007] However, conventional reflecting layers formed of Al, 
Al alloy, Ag, Ag alloy including Ag-Pd, Au, Au alloy, and 
reflectors, reflective wiring electrodes, and building 
35 glass that are formed of the reflecting layers have the 
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following problems. 

100081 Al and an Al alloy are chemically unstable. A liquid 
resist, which is made of organic material, is applied to 
5 the Al layer or the Al alloy layer, and a pattern is 

formed on the layer. When the patterned layer is washed 
with an alkali solution to remove the resist, the surface 
of the layer may become rough and lowering of the 
reflection index or scattering of the light on the surface 

10 may occur. In addition, Al may react with gas generated 
from a resin substrate when used with a resin substrate 
such as PMMA (polymethyl methacrylate ) and silicone. Al 
can be used only with substrates that generate little gas 
and thus limits materials available for the substrates. 

15 There is a problem of chemical stability in Al-containing 
reflecting layers and resin substrates when they contact 
each other in use. 
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r 00091 Al and Al alloy have greater optical absorptivity 
than Ag and Ag alloy. Therefore, semi-transmissive 
reflecting layer formed of Al and Al alloy suffers optical 



loss , 



r 001 01 Al. an Al alloy, Ag, and an Ag alloy have poor heat 
resistance. Diffusion of atoms is likely to occur on the 
surface of a reflecting layer formed of such materials in 
given temperatures. Particularly, Ag has high self- 
diffusion energy for heat and it changes over time when 
heat is applied. When heat causes the temperature of the 
reflecting layer to rise to about 100 *C, even if 
temporarily, diffusion of atoms will occur on the surface 
of the layer and the layer will lose luster and become 
dull. In other words, Ag' s characteristic feature of high 
reflection index is impaired. Therefore, it is necessary 
35 to limit the temperature during the manufacturing process 



of a reflector for a liquid crystal display device when it 
is formed of Al or Ag. Further, an Al or Ag reflecting 
layer for building glass is thermally instable and 
chemically varies (e.g. changes in color) when exposed the 
5 warm air in summer. 

TOPHI Al. Al alloy, Ag, and Ag alloy vary greatly over time 
with heat so that such materials cannot be exposed 
directly to air. Therefore, to ensure material stability 
10 of the reflecting layer, a heat-resistant protective layer 
such as Zn0 2 or a Zn0 2 -Al 2 0 3 composite oxide is generally 
needed. 

[00121 The reflecting layers formed of Al, Al alloy, Ag, 
15 and an alloy have very poor adhesion toward some 

substrates. In such combinations, the reflecting layer 
separates from the substrate immediately after it is 
deposited or after it is left on the substrate for a long 
time. To improve adhesion between the reflecting layer and 
20 the substrate, various base films must be positioned 
between them. 

rooi31 The reflection index of Ag or Ag alloy is the highest 
in visible regions, i.e., the optical wavelength regions 

25 from 400 to 800 nm. However, in the wavelength regions 

below 450 nm, the absorptivity and absorption coefficient 
of Ag increase and the intensity of yellow reflected light 
is increased. Accordingly, a liquid crystal display device 
formed by a Ag-containing reflecting layer and a portable 

30 terminal device including the liquid crystal display 

device have a poor appearance and become yellow over time. 

r00141 Further, Ag is not superior in weather resistance. 
When left in the air, Ag absorbs moisture (especially 
35 water) in the air and turns yellow. Long after an Ag- 
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containing reflecting layer is formed on the glass 
substrate or the resin substrate, Ag' s characteristic 
feature of high reflection index is impared. 

5 r00151 An Ag-Pd alloy including Ag and 1-3 wt% Pd, an Ag-Au 
alloy including Ag and 1-10 wt% Au, and an Ag-Ru alloy 
including Ag and 1-10 wt% Ru are well known as binary Ag 
alloys that have high corrosion resistance and high heat 
resistance. However, black stains are observed even in the 

10 alloy layers formed of these Ag alloys when a weatherproof 
test is conducted under high temperature and high humidity 
conditions. It is comfirmed under an optical microscope 
that the black stains are portions that turned black and 
were caused to protrude after Pd reached a limitation of 

15 solid solution with respect to H 2 dissolution. When used 
as building glass, the above binary alloy lacks long-term 
stability in humid regions or when exposed to condensation 
droplets . 

20 100161 Ag-Au ap.oy is well known as a stable alloy in which 
Ag and Au are perfectly mixed in solid states. The 
resistance of the Ag-Au alloy to halogen elements such as 
chlorine is not excellent. The Ag-Au alloy binds to 
chlorine or iodine in the air, which is introduced during 

25 the test, at atomic level, and produces the black stains. 

r00171 Aside from Al and Ag, Au is also known for its high 
reflection index. However, Au is very expensive and 
impractical to use for the reflector of a liquid crystal 
30 display device or the reflecting layer for building glass. 

SUMMARY OF THE INVENTION 

r0018l It is an object of the present invention to provide a 
35 reflecting layer that maintains a high optical reflection 
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index, which is characteristic of Ag, and has improved 
material stability including heat resistance and weather 
resistance. 

r0019] It is another object of the present invention to 
provide a laminate including a coating layer that allows 
the laminate to maintain the high optical reflection index 
of an Ag-containing reflecting layer and to have lower 
absorptivity at short wavelengths. 

ro0201 It is yet another object of the present invention to 
provide a laminate including a base film that enhances 
adhesion between an Ag-containing reflecting layer and a 
substrate. 

[00211 It is a further object of the present invention to 
provide a liquid crystal display device having the 
reflective layer or the laminate described above. 

20 r00221 A reflecting layer of the present invention 

comprises Ag as a main component, a 0-1-3.0 wt% first 
element selected from the group consisting of Au, Pd, and 
Ru, and a 0.1-3.0 wt% second element selected from the 
group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, 

25 and Ru. The second element is different from the first 
element. 

r00231 One laminate comprises a substrate and a reflecting 
layer deposited on the substrate. The reflecting layer 

30 includes Ag as a main component, a 0.1-3.0 wt% first 

element selected from the group consisting of Au, Pd, and 
Ru, and a 0.1-3.0 wt% second element selected from the 
group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, 
and Ru. The second element is different from the first 

35 element. 
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100241 Another laminate comprises a substrate, a base film 
deposited on the substrate, and an Ag-containing 
reflecting layer deposited on the base film. The base film 
is made of at least one of Si, Ta, Ti, Mo, Cr, Al, ITO, 
Zn0 2 , SiO z , Ti0 2 , Ta 2 0 5 , Zr0 2 , ln 2 0 3 , Sn0 2 , Nb 2 0 5 , and MgO. 

r0025] Yet another laminate comprises an Ag-containing 
reflecting layer and a coating layer deposited on the 
reflecting layer. The coating layer includes ln 2 0 3 as a 
main component and at least one of Sn0 2/ Nb 2 O s , Si0 2/ MgO, 
and Ta 2 0 5 . 

r00261 A liquid crystal display device including the 
15 reflective layer or the laminate described above and a 

portable terminal device having the liquid crystal display 
device are also provided. 
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r00273O ther aspects and advantages of the invention will 
become appare/it from the following description, taken in 
conjunction with the accompanying drawings, illustrating 
by way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 



r00281 The invention, together with objects and advantages 
thereof, may best be understood by reference to the 
following description of the presently preferred 
embodiments together with the accompanying drawings in 
30 which: 

f00291 Fiq.l is a perspective view of a portable terminal 
device including a liquid crystal display device. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



100301 An Ag-alloy reflecting layer of the present invention 
comprises: 

r00311 i) Ag as a main component; 

J00321ii) a 0.1-3.0 wt% first element selected from the 
group consisting of Au, Pd, and Ru; and 

f00331 iii) a 0.1-3.0 wt% second element selected from the 
group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, 
and Ru, wherein the second element is different from the 
first element. 

ro0341 The addition of Au, Pd, or Ru to Ag improves the 
weather resistance of Ag under high temperature and high 
humidity conditions. Ag, which is the main component, has 
very high thermal conductivity and tends to absorb heat 
and is quickly saturated with heat at the atomic level. Au, 
Pd, and Ru decrease the thermal conductivity of Ag and 
inhibit movement among atoms. Au, Pd, and Ru form whole 
solid solution. The content of Au, Pd, and Ru is 
preferably from 0.7 to 2.3 wt%, most preferably 0.9 wt% . 

r00351 Cu. Ti, Cr, Ta, Mo, Ni, Al, and Nb, in combination 
with Au, Pd, and Ru, improve the heat resistance and 
weather resistance of the Ag-alloy reflecting layer. The 
content of Cu, Ti, Cr, Ta, Mo, Ni, Al, and Nb is 
preferably from 0.5 to 2.5 wt%, most preferably 1.0 wt% . 

r00361 Without Cu, Ti, Cr, Ta, Mo, Ni, Al, or Nb, two or 
more of Au, Pd, and Ru may be contained in the reflecting 
layer to improve the heat resistance and weather 
resistance of the reflecting layer. 

TQ037] In the reflecting layer of the present invention, 
compared with reflecting layers of pure Al and pure Ag, 
movement of surface particles is poor. In other words, the 




self-diffusion energy of Ag upon heating is reduced in the 
reflecting layer of the present invention. Accordingly, 
the reflecting layer of the present invention resists 
self-diffusion, which improves heat resistance of the 
5 reflecting layer. The reflecting layer is heated during 
the manufacturing process or under a certain weather 
condition. In the reflecting layer of the present 
invention, a decrease in the reflection index is prevented. 
Specifically, when the reflecting layer is heated over 
10 100 °C, a visual change in the reflecting layer (to a dull 
white color) due to self -diffusion and an increase in 
light absorption due to deformation of the surface are 
prevented. 

15 r00381 The reflecting layer of the present invention has 
high heat resistance, a high reflection index, and is 
stable when exposed to alkaline organic materials. Further, 
the reflecting layer is chemically stable to gas emitted 
from a resin substrate. High heat resistance and 

20 reflection in/Sex are required for a reflector or a 

reflective wiring electrode of the reflection-type liquid 
crystal display device and a heat-ray or infrared-ray 
reflecting layer for building glass. The reflecting layer 
of the present invention may be used for all of them. 
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r 003 91 The reflecting layer of the present invention may be 
produced either by sputtering or by deposition. The 
reflecting layers of the present invention are stable 
regardless of its manufacturing process and have stable 
characteristics for various purposes and for many kinds of 
substrates. 



r00401 A coating layer, which is highly heat-resistant, may 
be laid on the Ag-containing reflecting layer. The coating 
35 layer . includes ln 2 0 3 as a main component and at least one 
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of Sn0 2/ Nb 2 0 5 , Si0 2/ MgO and Ta 2 0 5 . The reflecting layer 
may be of pure Ag or an Ag alloy. In either case, high 
reflection index of the reflecting layer is maintained and 
absorptivity at short wavelengths is reduced compared with 
5 a reflecting layer without a coating layer. 

r00411 The reflecting layer of the present invention, 
together with a resin substrate or a glass substrate, may 
form a laminate. When a resin substrate of specific purity 

10 or composition is used, a large amount of gas occurs. It 
is very likely that metal will react with the gas, and an 
unstable film, such as an oxide film, will form at the 
interface between the reflecting layer and the resin 
substrate.. In this case, metal oxide is better than a 

15 metal element for preventing reductive reaction. To 
eliminate the above disadvantage, a base film for 
promoting adhesion may be placed between the reflecting 
layer and the resin substrate or the glass substrate. 

20 r0042] The base film for a glass substrate may include Si, 
Ta, Ti, Mo, Cr, Al, ITO (the composite oxide of In oxide 
and Sn oxide), Zn0 2 , Si0 2 , TiO Zi Ta 2 O s , Zr0 2 , ln 2 0 3 , Sn0 2 , 
Nb 2 O s , or MgO. 

25 r00431 a base film that is made of elemental metals such as 
Si, Ta, Ti, Mo, Cr, and Al may be formed by deposition (or 
evaporation), sputtering, CVD, or ion plating. These 
processes can be used consecutively in producing the base 
film and the Ag alloy reflecting layer, which facilitates 

30 the manufacture of the layers. 

I00441A base film that is made of metal oxides such as ITO, 
Zn0 2 , Si0 2 , Ti0 2 , Ta 2 0 5 , Zr0 2 , ln 2 0 3 , Sn0 2 , Nb 2 0 5 , and MgO may 
also be formed easily by deposition, sputtering, or ion 
35 plating. For example, when an IR reflecting layer for a 

10 



windowpane is formed, a layer of the uniform reflection 
characteristics may be formed by any of the above 
processes . 

5 r00451 When the base film is placed under the reflecting 
layer, thermal stability of the laminate is ensured. The 
optical characteristics of the laminate are maintained 
regardless of the types of reflecting layers (whether pure 
Ag or an Ag alloy) . Even when the coating layer is laid on 
10 the reflecting layer, the thermal stability of the 

laminate is still ensured and the optical characteristics 
of the laminate are maintained regardless of the types of 
reflecting layers. 

15 r00461 The glass substrates for liquid crystal display 
devices and the glass substrate for building glass are 
large in size. For such substrates, a fine structure and 
accurate surface profile across the thickness are very 
important for the formed layers . Therefore, sputtering is 

20 preferred. Wpen the base film is formed by sputtering, the 
atmosphere in the sputtering device is evacuated to form a 
stable base film. When the resin substrate is used, gas 
occurs during the evacuation and the vacuum level is not 
raised. Therefore, for the resin substrate, the deposition 

25 process is preferred. 

r00471 The base film for the resin substrate especially 
requires chemical stability. Thus, the base film for the 
resin substrate is preferably a thin film of metal oxide. 
30 When used with the reflecting layer of the present 
invention, the base film for the resin substrate 
preferably includes ITO, Zn0 2 , Si0 2 , Ti0 2 , Ta 2 0 5 , Zr0 2 , ln 2 0 3 , 
Sn0 2 , Nb 2 0 5 , or MgO, more preferably, ITO, Zn0 2 , Si0 2 , TiO z> 
. Ta 2 O s , or Zr0 2 . 
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ro0481 To have the improved electrical characteristics of a 
reflective wiring electrode, a base film preferably 
includes a conductive metal oxide of IT.O, ZrO z or a 
composite oxide about a thickness of 1-10 nm. This base 
film is highly insulative and volume resistivity of the 
laminate* which includes the Ag alloy reflecting layer and 
the base film, is substantially improved. Thus, the 
characteristics of the reflecting layer are maintained 
with the base film. 



r00491 To inhibit the deterioration of optical 
characteristics such as the reflection index and the 
refraction index, a base film preferably includes SiO z , 
Ti0 2> Ta 2 O s , ZrO z , ln 2 0 3 , Sn0 2 , Nb 2 O s , or MgO. Since SiO z 

15 absorbs less light at the optical wavelength regions from 
400 to 4000 nm, it can inhibit the deterioration of the 
reflection index due to the increase in absorptivity. 
Since Ti0 2 , Ta 2 O s , ZrO z , ln 2 0 3 , SnO z , Nb 2 O s , and MgO have high 
refractive indices and low absorptivities , they are also 

20 preferred. 

f 005 01 When the base film is used, the degree of adhesion 
and the optical characteristics of the laminate are 
improved and the thermal stability of the laminate is 
25 maintained. The optical characteristics of the laminate 
are maintained regardless of the types of the reflecting 
layers (whether pure Ag or an Ag alloy) . Thus, the 
reflecting layers of the present invention achieve the 
best performance. 



100511 As shown in Fig.l, a portable terminal device 1 
includes a liquid crystal display device 2. The liquid 
crystal display device 2 is formed by a reflector on a 
lower glass substrate, a color filter, a polarizing layer, 
a liquid crystal layer, a polarizing layer, a transparent 
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conductive layer, and an upper glass substrate, which are 
laminated in order. The laminate of the present invention, 
which serves as the reflector, is protected from alkaline 
materials generated during the manufacturing process of 
5 the color filter. The laminate has a higher reflection 
index and a lower optical absorptivity than the reflector 
of pure Al or an Al alloy, and a liquid crystal display 
device 2 having the laminate suffers less optical loss. 
The brightness of a liquid crystal display device 2 having 
10 the laminate of the present invention is greater than that 
of a liquid crystal display device having the reflector of 
pure Al or Al alloy. A portable terminal device 1 having 
such a liquid crystal display device 2 has an improved 
display. Therefore, the quality of the product is improved. 

15 

Examples 

Comparison 

r0052] Ag-alloy reflecting layers were produced from the 
20 binary Ag aiyoys. Binary means two elements, i.e., Ag as a 
main component and Au, Pd or Ru . The content of Au, Pd or 
Ru was 0.1-4.0 wt%. 

r00531 Firstly, an Ag target and a Pd target are installed 
25 in a magnetron sputtering apparatus. Electrical discharges 
to the Ag and Pd targets were controlled at the specific 
RF power. Ar (Argon) gas was selectively set within the 
range from 0.1 to 3.0 Pa. The two metal elements were 
simultaneously sputtered to form binary Ag-alloy layers 
30 that contain Pd at several different levels. Ag-alloy 

layers that contain Au or Ru at several different levels 
were also produced. 



35 



rOQ541 Quartz substrates, which are 100 mmXIOO mmXl.l t 
in size, were used as a substrate. The temperature of the 
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substrates during the sputtering process was room 
temperature (about 25 . Using Ar gas as an exclusive 
sputtering gas in an high vacuum atmosphere where the 
ultimate vacuum level was 3X10E-6 Pa, the Ag-alloy layer 
5 was deposited on the quartz substrate so that the 
thickness of the layer was 20 nm. 

f0055] The reason for depositing the Ag-alloy layer in the 
high vacuum atmosphere is to prevent impure gas from 
10 staying in the layer and to make the layer compact. Thus, 
the desired characteristics of the Ag-alloy material are 
ensured. 

r0056] The resultant Ag-alloy layers were kept on a hot 
15 plate for about 2 hours. Then the layers were observed. 

The presence or absence of visual change (to a dull white 
color) in the layer surface and the time when the visual 
change occurred were examined. The hot plate was heated to 
250 *C at a heating rate of 20 'C/min by resistance heating. 
20 The reflectiph index of the Ag-alloy layers before and 

after heating was also examined. The results are shown in 



Table 1. 

Table 1 



Material 
composition 
(wt%) 


Surface state of the layer 
after heating at 250 °C 


The time 
when the 
visual 
change 
occurred 


Differences of reflection 
index before and after 

heating 
(wavelength of 800 nm) 


Ag 


dull white color over the 
surface 


100 °C 


-25 % 


Ag99.9Pd0.1 


dull white color over the 
surface 


100 °C 


-22 % 


Ag99.5Pd0.5 


dull white color over the 
surface 


100 °C 


-22 % 


Ag99.0Pdl.O 


dull white color over the 
surface 


120 °C 


-21 % 


Ag98.5Pdl.5 


dull white color over the 
surface 


120 °C 


-21 % 


Ag98.0Pd2.0 


dull white color over the 
surface 


130 °C 


-20 % 


Ag97.5Pd2.5 


dull white color at the 


150 °C 


-7.4 % (unchanged region 
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middle portion 




was measured) 


Ag97.0Pd3.0 


weak white color around 
the middle portion 


150 °C 


-6.5 % (unchanged region 
was measured) 


Ag96.5Pd3.5 


weak white color around 
the middle portion 


150 °C 


-6.1 % (unchanged region 
was measured) 


Ag96.0Pd4.0 


weak white color around 
the middle portion 


150 °C 


-6.1 % (unchanged region 
was measured) 










Ag99.9Au0.1 


dull white color over the 
surface 


100 °C 


-22% 


Ag99.5Au0.5 


dull white color over the 
surface 


100 °C 


-22 % 


Ag99.0Aul.O 


dull white color over the 
surface 


120 °C 


-21 % 


Ag98.5Aul.5 


dull white color over the 
surface 


120 °C 


-21 % 


Ag98.0Au2.0 


dull white color over the 
surface 


130 °C 


-21 % 


Ag97.5Au2.5 


dull white color at the 
middle portion 


150 °C 


-7.0 % (unchanged region 
was measured) 


Ag97.0Au3.0 


weak white color around 
the middle portion 


150 °C 


-6.5 % (unchanged region 
was measured) 


Ag96.5Au3.5 


weak white color around 
the middle portion 


150 °C 


-6.0 % (unchanged region 
was measured) 


Ag96.0Au4.0 


weak white color around 
the middle portion 


150 °C 


-6.0 % (unchanged region 
was measured) 










Ag99.9Ru0.1 


dup. white color over the 
surface 


100 °C 


-22 % 


Ag99.5Ru0.5 


dull white color over the 
surface 


100 °C 


-22 % 


Ag99.0Rul.O 


dull white color over the 
surface 


120 °C 


-21% 


Ag98.5Rul.5 


dull white color over the 
surface 


120 °C 


-20 % 


Ag98.0Ru2.0 


dull white color over the 
surface 


130 °C 


-20 % 


Ag97.5Ru2.5 


dull white color at the 
middle portion 


150 °C 


-7.4 % (unchanged region 
was measured) 


Ag97.0Ru3.0 


weak white color around 
the middle portion 


150 °C 


-6.5 % (unchanged region 
was measured) 


Ag96.5Ru3.5 


weak white color around 
the middle portion 


150 °C 


-6.1 % (unchanged region 
was measured) 


Ag96.0Ru4.0 


weak white color around 
the middle portion 


150 °C 


-6.1 % (unchanged region 
was measured) 



f00571 As shown in Table 1, the visual change in the layer 
surface was not inhibited in the binary Ag-alloy layers 
including Au, Pd, or Ru as in the pure Ag layer. It was 

15 



supposed that these binary layers were not heat resistant 
and unstable when exposed to the outdoor temperatures and 
sun rays. The reflection index of the binary Ag-alloy 
layers after heating was improved by only 2 to 3 % 
compared with that of the pure Ag layer after heating. 
Therefore, no anti-surface diffusion effects due to the 
addition of Au, Pd, and Ru were confirmed. 

Example 1 
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j£058lAg-alloy reflecting layers of the present invention 
were produced from the ternary Ag alloys. Ternary means, 
three elements, i.e., Ag as a main component, a first 
element selected from the group consisting of Au, Pd, and 
15 Ru, and a second element selected from the group 

consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, and 
Ru. The second element is different from the first element. 
The contents of the first element and the second element 
were 0.1-3.0 wt% . 



20 
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_L00591 : Firstly, targets of Ag target, the first element, and 
the second element are installed in a magnetron sputtering 
apparatus. The three metal elements were simultaneously 
sputtered to form Ag-alloy layers. 

r0060T A s in the Comparison, quartz substrates, which were 
100 mmXIOO mmXl.l t in size, were used as a substrate. 
The temperature of the substrates during the sputtering 
process was kept at room temperature (about 25 *C) . Using 
Ar gas as an exclusive sputtering gas in an high vacuum 
atmosphere where the ultimate vacuum level was 3X10E-6 Pa, 
the Ag-alloy layer was deposited on the quartz substrate 
so that the thickness of the layer was 200 nm. 

35 _L00611The resultant Ag-alloy layers were kept on a hot 

16 



30 



plate for about 2 hours. Then the layers were observed. 
The presence or absence of visual change (to a dull white 
color) in the layer surface and the time when the visual 
change occurred were examined. The reflection index of the 
5 Ag-alloy layers before and after heating was also examined. 
The results are shown in Table 2. 




/ 

/ 
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Table 2 



Material 
composition 

(Vftvo) 


Surface state of the 
layer after heating at 


1 1TC tllllc LUC 

visual change 
occurred 


T"ii"ffprpnpp^ of 

reflection index before 

and after heating 
(wavelength of 800 nm) 


ArrQQ 8PH0 lCuO 1 


no change observed 




-1.1 % 


A rrQft AV AO iCul 5 


no change observed 





-1.0 % 


A_QC oP/in iduS 0 


no chance observed 





-1.0 % 




nn phfln^p observed 





-0.9 % 


/\gi7 t ,Ux Q j.„cH-* , u.x.tf 


no chance observed 




-0.7 % 


Agj O.Ox u l.O vuo.u 


no cVifln CP on fift rvp H 




-0.7 % 


A_nc QD/1Q OfluO 1 


no chancre observed 





-1.0 % 


A A QC KTMQ fiPn 1 S 

Agyo.OJrQo.u^ui.o 


AAV/ if JlQilgC \J Kf iJC X vv«u 




-0.5 % 


a — o/i nT>/)^ flCn^ fl 
Api4.Ur uo.vtruo.u 


no cViflncp observed 





-0.4 % 


Ag99.o.rdU-X Xxu.x 


IIU Irllclllg" UDDCAVCU. 




-1.1 % 


A „OQ AX>AC\ 1 TS 1 ^ 


no cVmncP ohsp.rvefi 




-1.0 % 


a _o/? oD/1 C\ 1 TS ^ n 

Agab.yir au. x xio.u 


nn rlmTiffP nnfiPnTPn 




-1.0 % 


A i\0 A DJ T CTiH 1 

Ae9o . 4Fd X . & xiu . x 


HO CIlaDgc UUocivcu 




-0.9 % 


A f\ri aT)J 1 CT 1 ! 1 

Ag97.0jrdX.oXix.o 


nO CDaQgc OUoctVCU 




-0.7 % 


Ac9 5 . o.r d X . o x xo . v 


no CDallgc UUocivcu 




-0.7 % 


Ag96.9Pdo.U XIU. X 


no cnange ouservcu 




-1.0 % 


a at rnjo ATM K 

Ae95.5Jrao.uiix.o 


no cnange ouservcu 




-0.5 % 


Aff94.Ux^ao.uXio.u 


nn r» Vi o n cro oVigpt*VpH 




-0.4 % 


Ag99.8I*dU. xoru. x 


Tin /» Vi q n flro nncpfVPn 




-1.1 % 


A „QQ yl'D/in iPrl 

Aff*7o.41rClU. l^ri.t) 


no rlisrifTp observed 




-1.0 % 


a r\/? nDJn i f^T-Q n 

AgaD.yFdU. loriJ.U 


nn /* ri q Ti cto nnfiPrVPn 
1 1 \f v-fi<*iigr3 uuOvl vcu 




-1.0 % 


Agyo.4rQi.o^Tu.i/ 


no r1ifln?p on served 




-0.9 % 


Ag9 7 .0\r d X . O vjT x . o 


no s*nancro nnfiPrvPn 
1AU Liiaiigc woe a v 




-0.7 % 




no chance observed 





-0.7 % 


a-qc QP«I^ flflrfl 1 


no change observed 




-1.0 % 


a„qc f^PH^l Odrl 5 
Apyo.oruo.wvi x.u 


no chance observed 




-0.5 % 


AcrQA nPHS 0Cr3 0 


no change observed 




-0.4 % 


AflrQQ ftPdn ITaO 1 

Ag*J*7-Ox U,V. x x au. x 


no change observed 




-1.1% 


Ag98.4Pd0.1Tal.5 


no change observed 





-1.0 % 


Ag96.9Pd0.lTa3.0 


no change observed 




-1.0 % 


Ag98.6Pdl.5Ta0.1 


no change observed 




-0.9 % 


Ag97.0Pdl.5Tal.5 


no change observed 




-0.7 % 


Ag95.5Pdl.5Ta3.0 


no change observed 




-0.7 % 


Ac96.9Pd3.0Ta0.1 


no change observed 




-1.0 % 


Ag95.5Pd3.0Tal.5 


no change observed 




-0.5 % 


Ag94.0Pd3.0Ta3.0 


no change observed 




-0.4 % 
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Table 2 Continued 



Material composition 
(wt%) 


Surface state of the 
layer after heating at 
250°C 


The time the 
visual change 
occurred 


Differences of reflection 
index before and after 

Vi p f"i n c 

JJ.CcLlrX.U.g 

fwaveleneth of 800 nm) 


Ag98.4Pd0. IIniU. 1 


r 

no change observed 




-1.1 % 


Ag98.4PdO. lNil.5 


no change observed 




-1.0 % 


Ag96.9PdO. 1Ni3.0 


no change observed 




-1.0 % 


Ag98.4Pdl.5Ni0.1 


no change observed 




-0.9 % 


Ag97.0Pdl.5Nil.5 


no change observed 




-0.7 % 


Ag95.5Pdl.5Ni3.0 


no change observed 




-0.7 % 


Ag96.9Pd3.0Ni0.1 


no change observed 




-1.0 % 


Ag95.5Pd3.0Nil.5 


no change observed 






Ag94.0Pd3.0Ni3.0 


no change observed 




-0 4% 


Ag99.8Pd0.lA10.1 


no change observed 




-11% 
- X . X /V 


Ae98.4Pd0.1A11.5 


no change observed 




-1 O % 


Ae96.9Pd0.lA13.0 


no change observed 




- A . V/ /O 


Ag98.4Pdl.5A10.1 


no change observed 






Ag97.0Pdl.5A11.5 


no change observed 




-0 7% 


Ag95.5Pdl.5A13.0 


no change observed 






Ae96.9Pd3.0A10.1 


no change observed 




-i n % 


Ae95.5Pd3.0A11.5 


no change observed 






Ag94.0Pd3.0A13.0 


no change observed 






Ag99.8Pd0.1Nb0.1 


no change observed 




-11% 

- X . X so 


Ao-QR AVAO INbl 5 


no chancre observed 




-1.0 % 


Ae96.9Pd0.1Nb3.0 


no change observed 




-1.0 % 


Ag98.4Pdl.5Nb0.1/ 


no change observed 




-0.9 % 


Ae97.0Pdl.5Nbl.5 


no change observed 




-0.7 % 


Ag95.5Pdl.5Nb3.0 


no change observed 




-0.7 % 


Ae96.9Pd3.0Nb0.1 


no change observed 




-1.0% 


Ae95.5Pd3.0Nbl.5 


no change observed 




-0.5 % 


Ag94.0Pd3.0Nb3.0 


no change observed 




-0.4 % 
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Table 2 Continued 



Material 
composition 
(wt%) 


Surface state of the 
layer after heating at 

250 C 


I he time tne 

inciiQ 1 /*hfl TI (TP 

occurred 


Differences of 

rcllcLliuii uiucA uciuic 

and after heating 
(wavelength of 800 
nm) 


ArrQQ ftPHO iMnO 1 
Ag"".O^Q^' xxvxuv/. x 


no chancre observed 


____ 


-1.1 % 


AoQQ 4PHn iMol 5 


no change observed 




-1.0 % 


A|wO.*7x UvJ. iiuuo.v; 


nn chancre observed 




-1.0 % 


A rrQft /1PH 1 filS/fnO 1 

AgJJO.^x U X . UlTiUU. X 


no chancre observed 




-0.9 % 


Agy /.Ur ux.Divxox.o 


Tin q n otp nnSPrVPn 




-0.7 % 


Agy O • Or u 1 . oivxu o . v 


Tin pIi 9 n otp nhfiPT r Vfid 




-0.7 % 


Affyb.yir Go.uiviou. x 


xi n /» ri q n oro nViQAT*VPn 
X1U l*XL£LXlgC UU3C1 vcu 




-1.0 % 


Ag9 5 . D-rd o . UJVIO I . o 


no cnange oDoervcu 




-0.5 % 


a n a r\T>J Q OTi^nQ ft 
Ag9 4 . Iatu O . UJYLO o . U 


XXO COaUgc UUBcI VCU 




-0.4 % 


A . .nil qDJA 1 AiiH 1 
Ag99.olr Q.U. iAull. x 


l-« £\ a Vi «a TI oro nnQPTVPfi 
XXV CXlclXLgc UUOCI VCU 




-1.1 % 


A AO .4 DJ f\ 1 A 11 1 E*. 

Agy 8 .4r'ao . iau i . o 


nn Ana Tier a nnaorVpH 
no CflallgC UUoCiVCU 




-1.0 % 


Ae96.91rdU. lAuo.u 


no cnange ooservcu 




-1.0 % 


Ag9 8 Ara 1 . oAuU . 1 


no cnange ooservcu 




-0.9 % 


a n rr ATI -J 1 C A 1 C 

Ag9 7 . OF a 1 . 5 Au 1 . o 


no cnange ooservcu. 




-0.7 % 


a ner cDJ 1 c A„Q n 

Ag95.5x J al.oAuo.u 


no cnange ouscrvcu 




-0.7 % 


A n /* nTI J O n AnH 1 • 

Ag96.9iM3.UAuU. x 


no cnange ooservcu. 




-1.0 % 


Ap95.5x^ao.UAUi.o 


nn r% a Ti era nncorVPn 

no cnELugc uuocrvcu 




-0.5 % 


A O A AD/1 Q HAiiQ n 


nn phanoro nnfiOfVPn 
XXU CXXclXlgc UUOCI VCU. 




■0.4 % 


A ~_nri QAiiH l"Rnft 1 

Agy y .oauu. xxvuu. x 


Tin r»Vi q ti ctp nnCPTVPn 




-1.0 % 


A no i A..A iPiil K 

AE"o.4AUU.lXVul.u 


nn oVi a ti crtf> nnfiPrVPfl 

1 1 1 J ^XlcXA\X^C UUOCA VCU 




-0.8 % 


Agyb.yAuU.livuo.U/ 


nn phonoro nncprvPn 
I1U CXlciXlgC UUOCX VCU 




-0.5 % 


Ag9o . 4AU 1 . Oxvuu . 1 


nn ^liancrp nnfiPrVPfl 
MJlv KsLa tX JL1 g C U u °vi vcu 




-1.0 % 


Agy /.UAUl.oivui.o 


Tin r* Vk a ti ctp nnQPTVPn 
xiu i*Xicixi.gc uuoci vcu 




-0.3 % 


Af?9 O . O AU 1 . 0 xvu o . u 


Tin #^Viotictp nnfiPrVPn 




-0.6 % 


A»Q£ QA n Q ffRllft 1 

Acyo.yAuo.uxvviv/. x 


nn f*V*fiTip*** observed 





-0.8 % 


Agy 0 - Onll O .UXV U X . tJ 


nn phnnfrp observed 





-0.5 % 


A^rQ/i nA,iO ftnVii3 0 


nn rliflripp observed 





-0.8 % 


AcrQQ ftPHft lRuO 1 


no change observed 




-1.0 °/o 


Ag98.4Pd0.lRul.5 


no change observed 


— 


-0.9 % 


Ap96.9Pd0.1Ru3.0 


no change observed 




-1.0 % 


Ag98.4Pdl.5Ru0.1 


no change observed 




-0.9 % 


Ag97.0Pdl.5Rul.5 


no change observed 




-0.8 % 


Ag95.5Pdl.5Ru3.0 


no change observed 




-0.7% 


Ag96.9Pd3.0Ru0.1 


no change observed 




-1.0% 


Ap95.5Pd3.0Rul.5 


no change observed 




-0.6 % 


Ag94.0Pd3.0Ru3.0 


no change observed 




-0.4 % 
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AgAuXb Table 2 Continued 



Material 
composition 
(wt%) 


Surface state of the 
layer after heating at 

250 C 


x. he time the 
occurred 


Differences of 
reiiection lnaex oeiore 
onH ofl-pr hpa finer 

(wavelength of 800 
nm) 


AcrQQ ftAnO lCuO 1 


no change observed 




-0.9 % 


Ao-QR 4AnO lCul 5 


no chancre observed 




-0.8 % 


A(rQC QAllO lC!ll3 0 
Ag^O. J/VUV. IwUO.u 


nn pTi a n CP observed 




-0.8 % 


Ao-QR 4 Aiil 5CuO 1 


no change observed 




-0.7 % 


ArrQ7 OA ill fifliil 5 


no phanere observed 




-0.6 % 


a-qc FiAni sriii^ 0 


n c% pVi o n crp nhsprvfid 




-0.5 % 


a_qc qa^o nrsifl i 


nn p n n n <tp nliRPrvpn 




-0.8 % 


A_nc cA„Q 00111 ^ 


rm prion cto nnQPrvPn 

LL\J l^xlcLXlgC UUOC1 VCU 




-0.5 % 


A^n^ aa.iQ nPnQ o 

Aga4.UAUO.Uv/UO.U 


11 <J CXLclllgc UUoci vcu 




-0.6 % 


A _ AO Q A..A 1 TWO 1 


v% /-» /inoniTO nncPrVPn 
UO CUaHgc OUocfvcu 




-0.9 % 


Agyt>.4AUU.X XIX. O 


Tin ^honoro AnCPTVPf) 
IX\J CxXcLXIgC UUOCI. VCU 




-0.6 % 


A CI £2 QAhH 1 Q O 

AgSo.yiVuU. 1 x lo.u 


no cnaiigc ouocrvcu 




-0.3 % 


Ag9 o . 4Au 1 . o 1 1U . 1 


no cnange ouscxvcu 




-0.5 % 


Ag97 .UAU 1 . D 111 . O 


no CUallgc OUociVoU 




-0.8 % 


Ag9 5 . 5 Au 1 . o llo . U 


no change observed 




-0.6 % 


AgaD.yAUtJ.UIlU. X 


Tift nnonoro AnQPTVPn 
11U IrXIclXIgC vUOCi VCU. 




-0.9 % 


A „OK C A„q lYFi 1 1 

Agyo.OAuo.uin.u 


Ti/t /■* ri o ti tro nnQPi*VPn 

no en singe uuoci vcu. 




-1.1 % 


Agy4.UAuo.u X lO.U 


Tin pnortCTP nnQPTVPn 
XLU IrXLclXlgC UUOCX vcu 




-1.0 % 


A rrQQ fiAnfk IflrO 1 


nn rliflTifTP oh^Prvftd 

X1U IsXlCLlXgC UUOCi ▼ C V*. 




-0.8 % 


A gy o . 4AU U . X O r X . O 


XLU LfXLCLXlf^C UUOCI VCU 




-1.0 % 


a-qa QAnH iPr^ fl 


nn p Vi a n (tp ohftPT*VPd 




-0.6 % 


AsrQfi yfAnl **I"!t*0 Y 


nn ph n n crp ohfiPTVPd 




-0.9 % 


Art-Q r 7 flAiil 'SfVI K 
Agy /.UAUl.Ovri.j 


nn pfiflfifTP nh fi P i*vp d 




-0.4% 


A^Qc cA n i ^f!r^ O 


nn pViari crp nliRPrvftd 




-1.1 % 


A-nc QAuQ OfVrO 1 


nn p n 5i n cp nn s p t*vg d 




-0.8 % 


AffQC **Aii3 Orirl 5 


nn rliAn?e observed 





-0.9 % 


A ff Qi OAn^ 0f!r3 0 


nn rhflnpe observed 




-0.7 % 


AcrQQ ftAuO ITaO 1 


no change observed 




-0.5 % 


Ag98.4Au0.1Tal.5 


no change observed 


— 


-0.6 % 


Ag96.9Au0.1Ta3.0 


no change observed 




-1.1 % 


Ag98.6Aul.5Ta0.1 


no change observed 




-0.4 % 


Ag97.0Aul.5Tal.5 


no change observed 




-0.9 % 


Ag95.5Aul.5Ta3.0 


no change observed 




-0.8 % 


Ag96.9Au3.0Ta0.1 


no change observed 




-0.5 % 


Ag95.5Au3.0Tal.5 


no change observed 




-1.0 % 


Ag94.0Au3.0Ta3.0 


no change observed 




-0.6 % 
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Table 2 Continued 



Material 
composition 
(wt%) 


Surface state of the 
layer after heating at 
250°C 


The time the 
visual change 
occurred 


Differences of 
reflection index before 
and after heating 
^waveiengtn oi ouu 

11 111 J 


Ag99.8Au0.1Mo0.1 


iT r 

no change observed 




-0.7 % 


Ag98.4AuO. lMol.5 


no change observed 




-1.1 % 


Ag96.9AuO. 1Mo3.0 


no change observed 




n ft *>z 

-V/.O so 


Ag98.4Aul.5Mo0.1 


no change observed 




~\J.*± so 


Ag97.0Aul.5Mol.5 


no change observed 




•\J.O SO 


Ag95.5Aul.5Mo3.0 


no change observed 




-U.O SO 


Ag96.9Au3.0Mo0. 1 


no change observed 






Ag95.5Au3.0Mol.5 


no change observed 




1 1 OZ 


Ag94.0Au3.0Mo3.0 


no change observed 




i n oz 
- 1 .u /o 


Ag99.8Au0.lNi0.1 


no change observed 




n ^ oz 


Ag98.4AuO.lNil. 5 


no change observed 




110/ 

-1.1 so 


Ag96.9Au0.lNi3.0 


no change observed 




n Q oz 
-U.o /o 


Ae98.4Aul.5Ni0.1 


no change observed 




-U.4 yo 


Ag97.0Aul.5Nil.5 


no change observed 




i n o/ 
-l.U /o 


Ag95.5Aul.5Ni3.0 


no change observed 




-U. / so 


Ag96.9Au3.0Ni0.1 


no change observed 




-U.Sf zo 


Aff95.5Au3.0Nil. 5 


no change observed 




-U.O /O 


Ag94.0Au3.0Ni3.0 


no change observed 




ft ft ox 
-U.o so 


Ae99.8Au0.lA10.1 


no change observed 




1 HQ oz 
- 1 .uy /o 


Ag98.4Au0.lAll. 5 


no change observed 




-1.1 /o 


Ag96.9Au0.1A13.0 / 


no change observed 




ft 7 oz 
-U. # /o 


Ag98.4Aul.5A10.! 


no change observed 




/o 


Ag97.0Aul.5A11.5 


no change observed 




-ft p» % 

-\J.iJ SO 


Ag95.5Aul.5A13.0 


no change observed 






Ag96.9Au3.0A10. 1 


no change observed 




.0 8 % 

V/.O /o 


Ag95.5Au3.0All. 5 


no change observed 






Ag94.0Au3.0A13.0 


no change observed 




-1 1 % 


Ag99.8AuO. INbO. 1 


no change observed 




-1.1 % 


AcrQA 4AuO lNbl 5 


no change observed 




-1.0 % 


Ag96.9Au0.lNb3.0 


no change observed 




-0.9 % 


Ag98.4Aul.5Nb0.1 


no change observed 




-0.8 % 


Ag97.0Aul.5Nbl.5 


no change observed 




-0.7 % 


Ag95.5Aul.5Nb3.0 


no change observed 




-0.8 % 


Ag96.9Au3.0Nb0.1 


no change observed 




-1.0 % 


Ag95.5Au3.0Nbl. 5 


no change observed 




-0.4 % 


Ag94.0Au3.0Nb3.0 


no change observed 




-0.4 % 
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AgRuX Table 2 Continued 



A/To foT-ial 
composition 
(wt%) 


Surface state of the 
layer after heating at 
250°C 


The time the 
visual change 
occurred 


Differences of 
reflection index before 
and after heating 
(wavelength of 800 
nm) 


Ag99.8RuO-lCu0.1 


no change observed 


— 


-0.9 % 


Ag98.4Ru0.lCul.5 


no change observed 


— 


-0.8 % 


Ag96.9Ru0.lCu3.0 


no change observed 


— 


-0.7 % 


Ag98.4Rul.5Cu0.1 


no change observed 


— 


-0.7 % 


Ae97.0Rul.5Cul. 5 


no change observed 


— 


-0.6 % 


Ag95.5Rul.5Cu3.0 


no change observed 


— 


-0.5 % 


Ag96.9Ru3.0Cu0.1 


no change observed 


— 


-0.7 % 


Ag95.5Ru3.0Cul.5 


no change observed 


— 


-0.5 % 


Ag94.0Ru3.0Cu3.0 


no change observed 


— 


-0.6 % 


Ag99.8Ru0.1Ti0.1 


no change observed 


— 


-0.9 % 


Ag98.4Ru0.lTil.5 


no change observed 


— 


-0.6 % 


Ag96.9Ru0.1Ti3.0 


no change observed 


— 


-0.4 % 


Ag98.4Rul.5Ti0.1 


no change observed 


— 


-0.5 % 


Ag97.0Rul.5Til.5 


no change observed 


— 


-0.8 % 


Ag95.5Rul.5Ti3.0 


no change observed 


— 


-0.5 % 


Aff96.9Ru3.0Ti0.1 


no change observed 


— 


-0.9 % 


Ae95.5Ru3.0Til.5 


no change observed 


— 


-1.1 % 


Ag94.0Ru3.0Ti3.0 


no change observed 


— 


-1.0 % 


Ag99.8Ru0.1Cr0.1 


no change observed 


— 


-0.8 % 


Ag98.4Ru0.1Cr 1.5 


no change observed 


— 


-1.0% 


Ag96.9Ru0.lCr3.0z 


no change observed 


— 


-0.6 % 


A*98.4Rul.5Cr0.1 


no change observed 


— 


-0.8 % 


Ag97.0Rul.5Crl.5 


no change observed 


— 


-0.4 % 


Ag95.5Rul.5Cr3.0 


no change observed 


— 


-1.0% 


Ag96.9Ru3.0Cr0.1 


no change observed 


— 


-0.8 % 


Ae95.5Ru3.0Crl.5 


no change observed 


— 


-0.9 % 


Ag94.0Ru3.0Cr3.0 


no change observed 


— 


-0.8 % 


Ae99.8Ru0.1Ta0.1 


no change observed 


— 


-0.9 % 


Ag98.4Ru0.lTal.5 


no change observed 


— 


-0.8 % 


Ag96.9Ru0.1Ta3.0 


no change observed 




-O 7 % 


Ag98.6Rul.5Ta0.1 


no change observed 




-0.7 % 


Ag97.0Rul.5Tal.5 


no change observed 




-0.6 % 


Ag95.5Rul.5Ta3.0 


no change observed 




-0.5 % 


Ag96.9Ru3.0Ta0.1 


no change observed 




-0.7 % 


Ag95.5Ru3.0Tal.5 


no change observed 




-0.6 % 


Ag94.0Ru3.0Ta3.0 


no change observed 




-0.6 % 
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Table 2 Continued 



Material 
composition 
(wtvo) 


Surface state ol the 
layer atter neating at 


TV»p Hmp the 
visual change 
occurred 


Differences of 
reflection index before 
and after heating 
(wavelength of 800 
nm) 


Ag99.8RuO. lMoO. 1 


no change observed 


— 


-0.8 % 


Ae98.4RuO.lMol. 5 


no change observed 


— 


-1.0% 


Ae96 9Ru0.lMo3.0 


no change observed 


— 


-0.6 % 


Ae98 .4Ru 1 . 5MoO. 1 


no change observed 


— 


-0.7 % 


A^97 0Rul.5Mol.5 


no change observed 


— 


-0.4 % 


A«?95 5Rul 5Mo3.0 


no change observed 


— 


-1.1 % 


AcrQfi 9Ru3 OMoO.l 


no change observed 


— 


-0.8 % 


AcrQS KRu3 OMol.5 


no change observed 





-0.7 % 


ArrQA fYRn^ 0Mo3 0 


no change observed 




-0.6 % 


A rrQQ fiPllO lNlO 1 


no change observed 




-1.0% 


ArrQft ARllO iNil 5 


no change observed 




-1.1 % 


Ao-Qfi QRnO lNi3 0 


no change observed 





-0.8 % 


A nQA /iRul f>NiO 1 


no change observed 




-0.8 % 


a ct Q7 fVRiil SNil 5 


no change observed 





-0.5 % 


Ao-Q^ f>Ru1 5Ni3 0 


no change observed 




-0.5 % 


AcrQfi QRu3 ONiO.l 


no change observed 





-0.7 % 


A«tQ^ ^RuS 0Nil.5 


no change observed 





-1.0% 


AcrQ4 0Ru3 0Ni3.0 


no change observed 





-1.1 % 


AcrQQ 8RuO 1A10.1 


no change observed 





-1.0 % 


A<rQ8 4RuO 1A11.5 


no change observed 


— 


-1.1 % 


AcrQfi QRuG 1A13.0, 


no change observed 





-0.7 % 


AcrQft 4Rul 5A10.1 7 


no change observed 





-0.9 % 


AcrQ7 ORul 5A11.5 


no change observed 


— 


-0.5 % 


AtrQK 5Rul 5A13.0 


no change observed 


— 


-0.5 % 


A«?96 9Ru3.0A10.1 


no change observed . 


— 


-0.8 % 


Atr95 5Ru3.0A11.5 


no change observed 


— - 


-1.0 % 


Aff94 0Ru3.0A13.0 


no change observed 


— 


-1.1 % 


Ac99-8Ru0.lNb0.1 


no change observed 


— 


-1.1 % 


AK98.4RuO.lNbl. 5 


no change observed 


— 


-1.0 % 


Ag96.9Ru0.lNb3.0 


no change observed 




-0.8 % 


Ag98.4Rul.5Nb0.1 


no change observed 




-0.8 % 


Ag97.0Rul.5Nbl. 5 


no change observed 




-0.7 % 


Ag95.5Rul.5Nb3.0 


no change observed 




" -0.7 % 


Ag96:9Ru3.0Nb0.1 


no change observed 




-1.0 % 


Ag95.5Ru3.0Nbl. 5 


no change observed 




-0.5 % 


Ag94.0Ru3.0Nb3.0 


no change observed 




-0.4 % 



r0062l while the surface change and the accompanying 
decrease in the reflection index were observed with the 
5 Ag-alloy layers in the Comparison, they were not observ 
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with the Ag-alloy layers of any examined composition in 
Example 1, as shown in Table 2. 

r00631 Moreover, the quartz substrates, on which various Ag- 
alloy layers were deposited and which were heated to 250 °C 
as described , were further kept on a hot. plate at 400 *C 
for two hours. The surface change and the decrease in the 
reflection index were not observed in the Ag-alloy layers 
of any examined composition (data not shown) . 

r00641 The Ag-alloy reflecting layers that included Ag and 
0.1-3.0 wt% Cu, Ti, Cr, Ta, Mo, Ni, Al, or Nb but did not 
include Au, Pd, or Ru were produced. As described, the Ag- 
alloy layer was deposited on the quartz substrate so that 
the thickness of the layer was 15nm by simultaneous 
sputtering. The visual change of the layers was observed 
over time both at 250 <C and 400 X, . All the layers became 
white and the reflection index was decreased (data not 
shown) . 

f 006 51 Taken together, it was revealed that the Ag-alloy 
layers including Ag as a main component, the first element, 
and the second element had improved heat resistance and 
maintained high reflection index. 

Example 2 



ro0661 In this Example, the utility of the ternary Ag-alloy 

layers~as reflectors and reflective wiring electrodes for 
reflection-type liquid crystal display devices was studied. 
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r0067 



lThe anti-corrosive study on chemical stability was 



conducted with respect to the conventional metal layers 
(pure Al, an Al alloy, Ag, binary Ag-alloys) and the 
35 ternary Ag-alloy layers of the present invention. A liquid 

25 




resist was applied to the reflecting layers and the 
pattern was formed on them. Then the reflecting layers 
were washed with an alkali solution (5 % KOH aqueous 
solution) to remove the resist. The surface of the layers 
5 was observed.. The results are shown in Table 3. 



Table 3 



Material composition (wt%) 


Alkali solution 


Al 


completely reacted 


A196.0Mg4.0 


completely reacted 


Al coated with acrylic resin 


partially reacted 


Ae98.0Pd2.0 


many black stains 


Ag97.0Pd3.0 


moderate black stains 


A|j99.8Pd0.1Cu0.1 


no change 


Ag99.4Pd0.5Cu0.1 


no change 


Ae98.1Pd0.9Cu 1.0 


no change 


Ae98.9Pdl.0Cu0.1 


no change 


A K 97.9Pd2.0Cu0.1 


no change 


AK96.9Pd3.0Cu0.1 


no change 


Ae96.5Pd3.0Cu0.5 


no change 


Ae94.0Pd3.0Cu3.0 


no change 


AR99.8Pd0.1Ti0.1 


no change 


Ae99.4Pd0.5Ti0.1 


no change 


AR98.1Pd0.9Til.O 


no change 


Ai?98.9Pdl.0Ti0.1 


no change 


Ae9?.9Pd2.0Ti0.1 


no change 


AR96.9Pd3.0Ti0.1 


no change 


Ae96.5Pd3.0Ti0.5 


no change 


Atr94.0Pd3.0Ti3.0 


no change 


AK99.8Pd0.1Cr0.1 


no change 


Ag9o.4.raU.lC»rl.t> 


nn f*Vi ft n P"P 


Ag96.9Pd0.1Cr3.0 


no change 


Ae98.4Pdl.5Cr0.1 


no change 


Ag97.0Pdl.5Crl.5 


no change 


Ag95.5Pdl.5Cr3.0 


no change 


Ag96.9Pd3.0CrO,l 


no change 


Ag95.5Pd3.0Crl.5 


no change 


Ag94.0Pd3.0Cr3.0 


no change 


Ag99.8Pd0.1Ta0.1 


no change 


Ae98.4PdO.lTal. 5 


no change 


Ag96.9Pd0.1Ta3.0 


no change 


Ag98.4Pdl.5Ta0.1 


no change 


Ag97.0Pdl.5Tal.5 


no change 


Ag95.5Pdl.5Ta3.0 


no change 


Ag96.9Pd3.0Ta0.1 


no change 


Ag95.5Pd3.0Tal.5 


no change 


Ag94.0Pd3.0Ta3.0 


no change 
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Ag99.8Pd0.1Mo0.1 


no change 


AR98.4PdO.lMol. 5 


no chanffe 


Ag96.9Pd0.1Mo3.0 


no chanffe 


Aff98.4Pdl.5Mo0.1 


no change 


Aff97.0Pdl.5Mol.5 


no change 


Aff95.5Pdl.5Mo3.0 


no chanffe 


Aff96.9Pd3.0Mo0.1 


no chanffe 


Aff95.5Pd3.0Mol. 5 


no change 


Aff94.0Pd3.0Mo3.0 


no change 


Ag98_4Pd0.lNi0.1 


no change 


Ag98.4PdO.lNil. 5 


no change 


Aff96.9Pd0.lNi3.0 


no chanffe 


Aff98.4Pdl.5Ni0.1 


no change 


Aff97.0Pdl.5Nil. 5 


no change 


A^95-5Pdl.5Ni3.0 


no change 


Ae96 9Pd3.0Ni0.1 


no change 


Ae95 5Pd3.0Nil.5 


no chanffe 


Ae94 0Pd3 0Ni3.0 


no change 


Ap99 8Pd0.1A10.1 


no change 


A&98 4PdO 1A11.5 


no change 


A*rQfi QPdO 1A13 0 


no change 


A&98 4Pdl 5A10.1 


no change 


Aff97 OPdl 5 All 5 


no change 


Aj?95 5Pdli>A13.0 


no change 


Ae96 9Pd3.0A10.1 


no change 


Ap95 5Pd3 0A11.5 


no change 


Aff94 0Pd3 0A13.0 


no change 


Ae99 8Pd0.1Nb0.1 


no change 


Az98 4Pd0.lNbl.5 


no change 


Ae9b 9Pd0.1Nb3.0 


no change 


Ae98 4Pdl.5Nb0.1 


no change 


Atr97.0Pdl.5Nbl. 5 


no change 


Aff95.5Pdl.5Nb3.0 


no change 


Aff96.9Pd3.0Nb0. 1 


no change 


Aff95.5Pd3.0Nb 1.5 


no change 


Aff94.0Pd3.0Nb3.0 


no change 


Ag99.8Pd0.1Au0.1 


no change 


Aff98.4Pd0.1Au 1.5 


no change 


Aff96.9Pd0.1Au3.0 


no change 


Aff98.4Pdl.5Au0.1 


no change 


Aff97.0Pdl.5Au 1.5 


no change 


Aff95.5Pdl.5Au3.0 


no change 


Aff96.9Pd3.0Au0.1 


no change 


Aff95.5Pd3.0Aul. 5 


no change 


Aff94.0Pd3.0Au3.0 


no change 


Aff99.8Ru0.1Au0.1 


no change 


Aff98.4Ru0.1Aul.5 


no change 


Aff96.9Ru0.1Au3.0 


no change 


Aff98.4Rul.5Au0.1 


no change 


Aff97.0Rul.5Aul.5 


no change 


Aff95.5Rul.5Au3.0 


no change 


Aff96.9Ru3.0Au0.1 


no change 
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AcrQPi ^Pii^ OAlll 5 


no chance 


Ao-CM OPu^ OAii^t n 


no change 


AcrQQ APflO TRiift 1 


no change 


ActQR dVAC\ iPlll ft 


no change 


ArrQfi QPHO iPll^ 0 


no change 


As98.4Pdl.5Ru0.1 


no change 


Ae97.0Pdl.5Rul.5 


no change 


Ae95.5Pdl.5Ru3.0 


no change 


Ag96.9Pd3.0Ru0.1 


no change 


Ae95.5Pd3.0Rul.5 


no change 


Ae94.0Pd3.0Ru3.0 


no change 


AeAuX Table 3 Continued 


Material composition (wt%) 


Alkali solution 


Aer98.0Au2.0 


many black stains 


Atr97.0Au3.0 


moderate black stains 


Ae99.8Au0.1Cu0.1 


no change 


Ae99.4Au0.5Cu0.1 


no change 


Ak98.1Au0.9Cu1.0 


no change 


Ae98.9Aul.0Cu0.1 


no change 


Ae97.9Au2.0Cu0.1 


no change 


Ac96.9Au3.0Cu0.1 


no change 


Atr96.5Au3tf)Cu0.5 


no change 


Ae94.0Au3.0Cu3.0 


no change 


Ae99.8Au0.1Ti0.1 


no change 


Ae99.4Au0.5Ti0.1 


no change 


Ac98.1Au0.9Til.O 


no change 


Ae9>8.9Aul.0Ti0.1 


no change 


Ae97.9Au2.0Ti0.1 


no change 


Ag96.9Au3.0Ti0. 1 




Ait96.5Au3.0Ti0.5 


no change 


Aer94.0Au3.0Ti3.0 


no change 


Ae99.8Au0.1Cr0.1 


no change 


Air98.4Au0.lCrl.5 


no change 


Asr96.9Au0.1Cr3.0 


no change 


Ae98.4Aul.5Cr0.1 


no change 


AR97.0Aul.5Crl.5 


no change 


AR95.5Aul.5Cr3.0 


no change 


AE96.9Au3.0Cr0.1 


no change 


Ae95.5Au3.0Crl.5 


no change 


A*94.0Au3.0Cr3.0 


no change 


Ae99.8Au0.lTa0.1 


no change 


A|j98.4Au0.1Tal.5 


no change 


At?96.9Au0.lTa3.0 


no change 


Ajj98.4Aul.5Ta0.1 


no change 


Atr97.0Aul.5Tal.5 


no change 


Ag95.5Aul.5Ta3.0 


no change 


Ae96.9Au3.0Ta0.1 


no change 


Asr95.5Au3.0Ta 1.5 


no change 


AK94.0Au3.0Ta3.0 


no change 
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Ag99.8Au0.1Mo0.1 


no change 


Ag98.4AuO.lMol. 5 


no change 


Aff96.9Au0.1Mo3.0 


no change 


Ae98.4Aul.5Mo0.1 


no change 


Ag97.0Aul.5Mol. 5 


no change 


Aff95.5Aul.5Mo3.0 


no change 


Aff96.9Au3.0Mo0.1 


no change 


Aff95.5Au3.0Mol. 5 


no change 


Aff94.0Au3.0Mo3.0 


no change 


Aff99.8Au0.1Ni0.1 


no change 


Aff98.4Au0.1Nil.5 


no change 


Aff96.9Au0.lNi3.0 


no change 


Aff98.4Aul.5Ni0.1 


no change 


Aff97.0Aul.5Nil.5 


no change 


Aff95.5Aul.5Ni3.0 


no change 


Aff96.9Au3.0Ni0.1 


no change 


Aff95.5Au3.0Nil.5 


no change 


Aff94.0Au3.0Ni3.0 


no change 


Aff99.8Au0.lA10.1 


no change 


Aff98.4Au0.lAll. 5 


no change 


Aff96.9Au0.1A13.0 


no change 


Aff98.4Aul.5A10.1 


no change 


Aff97.0Aul.5All. 5 


no change 


Aff95.5AuI^5A13.0 


no change 


Aff96.9Au3.0A10.1 


no change 


Aff95.5Au3.0A11.5 


no change 


Aff94.0Au3.0A13.0 


no change 


Aff99.8Au0.1Nb0.1 


no change 


Aff93.4AuO.lNbl. 5 


no change 


Aff§6.9Au0.1Nb3.0 


no change 


Aff98.4Aul.5Nb0.1 


no change 


Aff97.0Aul.5Nbl. 5 


no change 


Aff95.5Aul.5Nb3.0 


no change 


Aff96.9Au3.0Nb0.1 


no change 


Aff95.5Au3.0Nbl. 5 


no change 


Aff94.0Au3.0Nb3.0 


no change 



AgRuX Table 3 Continued 



Material composition (wt%) 


Alkali solution 


Ag98.0Ru2.0 


many black stains 


Ag97.0Ru3.0 


moderate black stains 


Ag99.8Ru0.1Cu0.1 


no change 


Ag99.4Ru0.5Cu0.1 


no change 


Ag98.lRuO.9Cu 1.0 


no change 


Ag98.9Rul.0Cu0.1 


no change 


Aff97.9Ru2.0Cu0.1 


no change 


Ag96.9Ru3.0Cu0.1 


no change 


Ag96.5Ru3.0Cu0.5 


no change 
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Ag94.0Ru3.0Cu3.0 


no change 


Ag99.8Ru0.lTi0.1 


no change 


Ag99.4Ru0.5Ti0.1 


no change 


Ag98.1Ru0.9Til.0 


no change 


Ag98.9Rul.0Ti0.1 


no change 


Ag97.9Ru2.0Ti0.1 


no change 


Ae96.9Ru3.0Ti0.1 


no change 


Ag96.5Ru3.0Ti0.5 


no change 


Ag94.0Ru3.0Ti3.0 


no change 


Ag99.8Ru0.lCr0.1 


no change 


Ae98.4RuO.lCrl. 5 


no change 


Ag96.9Ru0.lCr3.0 


no change 


Ag98.4Rul.5Cr0.1 


no change 


AR97.0Rul.5Crl. 5 


no change 


Ag95.5Rul.5Cr3.0 


no change 


Ag96.9Ru3.0Cr0.1 


no change 


Ag95.5Ru3.0Crl.5 


no change 


Ag94.0Ru3.0Cr3.0 


no change 


Ag99.8Ru0.1Ta0.1 


no change 


Ag98.4Ru0.lTal.5 


no change 


Ag96.9Ru0. lTa3.0 


no change 


Ag98.4Rul.5Ta0.1 


no change 


Ag97.0Rul.5Tal.5 


no change 


Ag95.5Rul,4>Ta3.0 


no change 


Ag96.9Ru3.0Ta0.1 


no change 


Ag95.5Ru3.0Tal.5 


no change 


Ag94.0Ru3.0Ta3.0 


no change 


Ag99.8Ru0.1Mo0.1 


no change 


Ag98.4Ru0.lMol.5 


no change 


AgSfe.9Ru0.lMo3.0 


no change 


Ag98.4Rul.5Mo0.1 


no change 


Ag97.0Rul.5Mol.5 


no change 


Ag95.5Rul.5Mo3.0 


no change 


Ag96.9Ru3.0Mo0.1 


no change 


Ag95.5Ru3.0Mol.5 


no change 


Ag94.0Ru3.0Mo3.0 


no change 


Ae99.8Ru0.lNi0.1 


no change 


Ag98.4Ru0.1Nil.5 


no change 


Ag96.9Ru0.lNi3.0 


no change 


Ag98.4Rul.5Ni0.1 


no change 


Ae97.0Rul.5Nil. 5 


no change 


Ag95.5Rul.5Ni3.0 


no change 


Ag96.9Ru3.0Ni0.1 


no change 


Ag95.5Ru3.0Nil.5 


no change 


Ag94.0Ru3.0Ni3.0 


no change 


Ag99.8Ru0.lA10.1 


no change 


Ag98.4Ru0.lA11.5 


no change 


Ag96.9Ru0.1A13.0 


no change 


Ag98.4Rul.5A10.1 


no change 


Ag97.0Rul.5A11.5 


no change 


Ag95.5Rul.5A13.0 


no change 


Ag96.9Ru3.0A10.1 


no change 
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Ar95.5Ru3.0A11. 5 


no change 


Ag94.0Ru3.0A13.0 


no change 


Ag99.8Ru0.1Nb0.1 


no change 


Ae98.4RuO.lNb 1.5 


no change 


Ag96.9Ru0.lNb3.0 


no change 


Ag98.4Kul.5Nb0.1 


11U UllcLllgC 


Ag97.0Rul.5Nbl.5 


no change 


Ag95.5Rul.5Nb3.0 


no change 


Ag96.9Ru3.0Nt>0.1 


no change 


Ag95.5Ru3.0Nbl.5 


no change 


Ag94.0Ru3.0Nb3.0 


no change 



f00681 As shown in Table 3, the decrease in the reflection 
index was not observed with the Ag-alloy layers of the 
present invention of any composition. Thus, the ternary 
5 Ag-alloy layers are more stable to alkali solution than 
conventional layers, and the quality of the inventive 
layers was superior to the conventional layers. 

r0069] Next, the reflection index at 500nm and 800nm was 
10 measured in both layers. The range from 500 to 800 nm (565 
nm) is the standard optical wavelength range for liquid 
crystal display devices. As shown in Table 4, the 
reflection iridex of the ternary Ag-alloy layers of the 
present invention was improved by 0.5-3.0 % compared with 
15 Al, the Al alloy, Ag, the binary Ag-alloy layers. 



Table 4 



Material composition (wt%) 


500mm wavelength 


800mm wavelength 




reflection index (%) 


reflection index (%) 


Al 


87.2 


84.5 


A196.0Mr4.0 


83.1 


82.3 


Al coated with acrylic resin 


79.4 


76.6 


AR 


98.2 


98.8 


Ae98.0Pd2.0 


91.3 


94.5 


Ap97.0Pd3.0 


86.9 


92.1 


Ap99.8Pd0.lCu0.1 


98.0 


98.6 


Ae99.4Pd0.5Cu0.1 


98.0 


98.4 


Ae98.1Pd0.9Cul.0 


97.8 


98.0 


Ae98.9Pdl.0Cu0.1 


94.4 


97.6 


Ae97.9Pd2.0Cu0.1 


91.4 


94.6 


Ac96.9Pd3.0Cu0.1 


87.5 


93.4 


Ae96.5Pd3.0Cu0.5 


87.3 


92.7 
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Ag94.0Pd3.0Cu3.0 


84.7 


91.1 


Ap99.8Pd0.1Ti0.1 


98.0 


98.6 


Ac99.4Pd0.5Ti0.1 


98.0 


--98.4 


Ap98.lPd0.9Til.O 


97.6 


97.9 


AtrQR 9Pdl.0Ti0.1 


94.4 


97.6 


Af*97 9Pd2.0Ti0.1 


91.4 


94.6 


Aa96 9Pd3.0Ti0.1 


87.5 


93.4 


AtrQfi 5Pd3 OTiO.5 


87.0 


92.5 


Asr94 OPd3.0Ti3.0 


87.0 


90.7 


A<xQQ 8PdO lCrO 1 


94.6 


94.7 


AcrQft 4PdO lCrl.5 


91.7 


91.7 


AffOfi QPdO lCr3 0 


89.3 


89.7 


A ff QQ 4Pdl 5CrO 1 


91.5 


91.7 


A«rQ7 OPdl 5Crl 5 


86.8 


86.8 


AfrQR ^Pdl f5Hr3 0 


84.2 


84.2 


AcrQfi QPd3 OCrO 1 


85.6 


85.6 


a ctQK *\PH3 OOrl 5 


83.5 


83.5 


a „qa nPH ^ nrirS n 


82.7 


82.7 


A«rQQ HPdO iTflO 1 


94.6 


94.7 


A^QQ APHO iTfll ft 


91.7 


91.7 


A„QA QPrlO TPs 3 0 


89.3 


89.7 


A irQQ APdl ftTflO 1 


91.5 


91.7 


A »Q7 HP*? 1 ftT 1 *! 1 ft 


86.8 


86.8 


A„QK CD/1 1 ftTflJt O ' 


84.2 


84.2 


ArrQA QPd3 OTflO 1 


85.6 


85.6 


AffQC *Pd^l OTfll ft 


83.5 


83.5 


ArrQA nPdS 0Tfl3 0 


82.7 


82.7 


a crOQ 8PdO IMoO 1 


94.6 


94.7 


Aer€kR APdO iMol ft 


91.7 


91.7 


A rrQA QPdO lNto3 0 


89.3 


89.7 


A crOft 4Pdl 5MoO 1 


91.5 


91.7 


A rxQ7 OPdl 5Mol 5 


86.8 


86.8 


AcrQft ftPdl 5Mo3.0 


84.2 


84.2 


AtrOfi QPd3 OMoO 1 


85.6 


85.6 


A<rQft ftPd3 OMol.5 


83.5 


83.5 


A<rQ4 0Pd3 0Mo3.0 


82.7 


82.7 


AcrQR 4Pd0.lNi0.1 


96.1 


96.1 


AcrQft 4PdO INil 5 


95.6 


95.6 


AcrQfi 9PdO lNi3.0 


94.3 


94.8 


Afrfl8 4Pdl.5Ni0.1 


92.7 


93.7 


A^97 0Pdl.5Nil.5 


91.2 


92.1 


Ap95. 5Pd 1 , 5Ni3.0 


88.9 


90.7 


A<r9fi 9Pd3.0Ni0.1 


86.1 


88.9 


Ap95.5Pd3.0Nil. 5 


84.6 


86.2 


Ae94.0Pd3.0Ni3.0 


82.7 


84.6 


Ag99.8Pd0.1A10.1 


98.1 


98.7 


Ag98.4Pd0.1A11.5 


98.1 


98.4 


Ap96.9Pd0.1A13.0 


97.6 


98.1 


Ap98.4Pdl.5A10.1 


96.5 


97.6 


Ap97.0Pdl.5A11.5 


95.3 


96.8 


Ap95.5Pdl.5A13.0 


93.5 


95.9 


Afi96.9Pd3.0A10.1 


91 


94.6 
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Ag95.5Pd3.0All. 5 


OO.D 




Ae94.0Pd3.0A13.0 


ob. 1 


91 7 


Ae99.8Pd0.1Nb0.1 


yo 




Ae98.4PdO. INb 1.5 


QA A 

y4.4 


Qd ft 


Ae96.9Pd0. lNb3.0 


no q 

yo.o 




Ae98.4Pdl.5Nb0.1 


no a 


Q9 7 


Ae97.0Pdl.5Nbl. 5 


90. o 




Ae95.5Pdl.5Nb3.0 


, 89.5 


on 9 


Ae96.9Pd3.0Nb0. 1 


86.7 




Ae95.5Pd3.0Nb 1.5 


84.6 


Q 

oo.y 


Ae94.0Pd3.0Nb3.0 


82.7 


Q.A 1 

o4. / 


Ae99.8Pd0.1Au0.1 


96.7 


y # .u 


Ae98.4Pd0.1Au 1.5 


96.4 


yo.o 


Ae96.9Pd0.1Au3.0 


95.8 


yo.i 


Ae98.4Pdl.5Au0.1 


92.3 


QA C 

y4.o 


Ae97.0Pdl.5Aul.5 


92.1 


' CkA O 

94. o 


Ae95.5Pdl.5Au3.0 


92.4 


yo.u 


Ae96.9Pd3.0Au0.1 


85.1 


o c o 

85. o 


Ae95.5Pd3.0Aul.5 


83.2 


83.3 


Ae94.0Pd3.0Au3.0 


82.0 


OO Q 


Ae99.8Ru0.1Au0.1 


96.6 


97.1 


Ae98.4Ru0.1Au 1.5 


96.3 


96.7 


Ae96.9Ru0.1Au3.0 


95.8 


96.1 


Ae98.4Rul.5Au0.1 / 


92.4 


94.4 


Ae97.0Rul.5Aul.5 


92.1 


94.3 


Ae95.5Rul.5Au3.0 


92.4 


95.0 


Ae96.9Ru3.0Au0. 1 


85.1 


85. o 


Ae95.5Ru3.0Aul.5 


83.2 




Ae94.0Ru3.0Au3.0 


82.0 


QO Q 

oZ.o 


Ae99.8Pd0.1ltu0.1 


96.7 


y /.i 


Ae98.4PdO.lRu 1.5 


96.4 


yb.b 


Ae96.9Pd0.1Ru3.0 


95.8 


yb.o 


Ae98.4Pdl.5Ru0.1 


92.3 


OO K 

yo.o 


Ae97.0Pdl.5Ru 1.5 


92.0 


94.3 


Ae95.5Pdl.5Ru3.0 


92.3 


95.0 


Ae96.9Pd3.0Ru0.1 


85.0 


85.3 


Ae95.5Pd3.0Ru 1.5 


83.3 


83.3 


Ae94.0Pd3.0Ru3.0 


82.1 


82.5 


\gAuX Table 4 Continued 


Material composition (wt%) 


500mm wavelength 


800mm wavelength 




reflection index (%) 


reflection index (%) 


Ae98.0Au2.0 


87.3 


92.2 


Ae97.0Au3.0 


86.1 


91.3 


Ae99.8Au0.lCu0.1 


98.2 


98.8 


Ae99.4Au0.5Cu0.1 


98.1 


98.5 


Ae98.1Au0.9Cu 1.0 


97.6 


98.0 


Ae98.9Aul.0Cu0.1 


96.5 


97.6 


Ae97.9Au2.0Cu0.1 


95.2 


96.9 


Ae96.9Au3.0Cu0.1 


93.7 


96.1 


Ae96.5Au3.0Cu0.5 


91.1 


94.7 
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Ae94.0Au3.0Cu3.0 


85.6 


91.8 


Ae99.8Au0.1Ti0.1 


98.0 


98.5 


Ae99.4Au0.5Ti0.1 


97.8 


98.2 


Ae98.lAu0.9Til.O 


97.3 


97.9. 


Ae98.9Aul.0Ti0.1 


96.6 


97.5 


Ae97.9Au2.0Ti0.1 


95.5 


97.1 


Ae96.9Au3.0Ti0.1 


93.9 


96.3 


Ac96.5Au3.0Ti0.5 


92.3 


95.2 


Ae94.0Au3.0Ti3.0 


86.4 


90.8 


Ae99.8Au0.1Cr0.1 


94.6 


94.7 


Ae98.4Au0.lCrl.5 


93.4 


93.6 


Ae96.9Au0.1Cr3.0 


91.9 


92.4 


Ae98.4Aul.5Cr0.1 


90.2 


90.7 


Ac97.0Aul.5Crl. 5 


88.5 


89.3 


Ae95.5Aul.5Cr3.0 


86.1 


86.6 


Ae96.9Au3.0Cr0.1 


84.9 


85.2 


Ac95.5Au3.0Crl. 5 


83.4 


83.8 


Ac94.0Au3.0Cr3.0 


82.6 


82.6 


Ae99.8Au0.1Ta0.1 


95.1 


95.3 


Ac98.4Au0.1Ta 1.5 


94.6 


95.0 


Ae96.9Au0.1Ta3.0 


93.4 


94.1 


Ac98.6Aul.5Ta0.1 


91.8 


92.5 


Ac97.0Aul.5Tal.5 


90.4 


91.2 


Ae95.5Aul.5Ta3.0 


88.7 


89.9 


Ac96.9Au3.0Ta0.1 


85.9 


87.6 


Ae95.5Au3.0Tal.5 


84.5 


85.9 


Ap94.0Au3.0Ta3.0 


82.8 


84.2 


Ac99.8AuO. IMoO. 1 


94.8 


95.1 


Ac98.4Au0.1Mo 1.5 


94.2 


94.7 


Ac96.9Au0. lMo3.0 


93.5 


94.0 


Ac98.4Aul.5MoO. 1 


92.3 


92.9 


Ae97.0Aul.5Mol.5 


90.6 


91.5 


Ae95.5Aul.5Mo3.0 


89.7 


90.3 


Ac96.9Au3.0Mo0. 1 


86.8 


88.6 


Ac95.5Au3.0Mol. 5 


84.6 


86.4 


Ac94.0Au3.0Mo3.0 


82.7 


84.5 


Ac99.8Au0.1Ni0.1 


95.7 


95.9 


Ae98.4AuO.lNil. 5 


95.2 


95.4 


Ac96.9Au0.1Ni3.0 


93.9 


94.6 


Ac98.4Aul.5Ni0.1 


92.3 


93.5 


Ac97.0Aul.5Nil.5 


90.8 


91.9 


Ac95.5Aul.5Ni3.0 


88.7 


90.6 


Ae96.9Au3.0Ni0. 1 


85.9 


88.8 


Ac95.5Au3.0Nil. 5 


84.4 


86.1 


Ae94.0Au3.0Ni3.0 


82.6 


84.5 


Ac99.8Au0.1Al0.1 


98.0 


98.6 


Ac98.4AuO . 1 Al 1 . 5 


97.9 


yo.o 


Ac96.9Au0.1A13.0 


97.5 


98.0 


Ac98.4Aul.5A10.1 


96.4 


97.5 


Ae97.0Aul.5A11.5 


95.2 


96.7 


Ac95.5Aul.5A13.0 


93.4 


95.8 


Ac96.9Au3.0A10.1 


90.8 


94.4 
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Ap95.5Au3.0All. 5 


88.4 


92.8 


Ae94.0Au3.0A13.0 


85.9 


91.5 


Ae99.8Au0.1Nb0.1 


94.8 


95.1 


Ag98.4AuO.lNbl. 5 


94.3 


94.7 


Ap96.9Au0.1Nb3.0 


93.5 


94.1 


Ap98.4Aul.5Nb0.1 


92.1 


92.6 


Ap97.0Aul.5Nbl.5 


90.5 


91.3 


Ap95.5Aul.5Nb3.0 


89.2 


90.1 


Ap96.9Au3.0Nb0.1 


86.4 


87.8 


Ap95.5Au3.0Nbl.5 


84.3 


85.7 


Ap94.0Au3.0Nb3.0 


82.4 


84.5 


AgRuX 


Table 4 Continued 




y n ferial composition (wt%) 


500mm wavelength 


800mm 
wavelength 




reflection index (%) 


reflection index 
(%) 


Ap98 0Ru2.0 


86.3 


91.2 


AitQ7 0Ru3.0 


86.0 


91.3 


AcrQQ 8Ru0.lCu0-l 


98.1 


98.8 


Ae99.4Ru0.5Cu0. 1 


98.0 


98.6 


AtrQft lRuO 9Cul.O 


97.6 


98.1 


AcxQR 9Rul OCuO.l ■•' 


96.5 


97.5 


Ae97.9Ru2.0Cu0. 1 


95.2 


96.8 


Ai?96 9Ru3.0Cu0.1 


93.7 


96.0 


Ae96.5Ru3.0Cu0. 5 


91.1 


94.7 


Aff94 0Ru3.0Cu3.0 


85.6 


91.7 


A<?99 8Ru0.1Ti0.1 


98.0 


98.4 


Aft99.4RuO.STiO. 1 


97.7 


98.2 


Air 9 8 lRu0.9Til.O 


97.2 


97.9 


Ae98.9Rul.0Ti0. 1 


96.5 


97.5 


Ac97.9Bu2.0Ti0. 1 


95.4 


97.1 


Ac96.9Ru3.OTiO. 1 


93.8 


96.3 


Ag96.5Ru3.0Ti0.5 


92.1 


95.2 


Ap94.0Ru3.0Ti3.0 


86.4 


90.8 


Ag99.8Ru0. ICxO. 1 


94.6 


94.7 


Ag98.4RuO.lCrl. 5 


93.4 


92.6 


Ag96.9Ru0.lCr3.0 


91.9 


92.4 


Ae98.4Rul.5Cr0.1 


90.5 


91.7 


Ap97.0Rul.5Crl.5 


88.2 


88.3 


Ae95.5Rul.5Cr3.0 


86.1 


86.6 


Ac96.9Ru3.0Cr0. 1 


84.8 


84.2 


Ac95.5Ru3.0Crl. 5 


83.3 


83.8 


Ae94.0Ru3.0Cr3.0 


82.4 


82.6 


Ae99.8Ru0.1Ta0.1 


95.0 


95.3 


Ae98.4Ru0.1Tal.5 


94.6 


ao.u 


Ae96.9Ru0.1Ta3.0 


93.4 


94.1 


Ae98.4Rul.5Ta0.1 


91.8 


92.5 


Ac97.0Rul.5Tal.5 


90.4 


91.2 


Ac95.5Rul.5Ta3.0 


88.7 


89.9 


Ac96.9Ru3.0Ta0.1 


85.9 


87.6 
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Ap95.5Ru3.0Tal.5 


84.5 


85.9 


Ag94.0Ru3.0Ta3.0 


82.6 


84.2 


A*99.8Ru0.1Mo0.1 


94.7 


95.1 


Ap98.4RuO.lMol. 5 


94.1 


94.7 


Ap96.9Ru0.lMo3.0 


93.3 


94.0 


Ag9 8 . 4Ru 1 . 5Mo0 . 1 


92.2 


92.9 


Ae97.0Rul.5Mo 1.5 


90.5 


91.5 


Ar9 5 . 5Ru 1 . 5Mo 3 . 0 


89.9 


91.3 


Ap96.9Ru3.0Mo0. 1 


86.8 


88.6 


Ac95.5Ru3.0Mol. 5 


84.8 


86.3 


AtrQd 0Ru3 0Mo3.0 


82.6 


84.5 


Ae99 8Ru0.1Ni0.1 


96.7 


97.2 


A«?98 4Ru0.lNil.5 


96.5 


96.9 


AcrQfi QRuO lNi3 0 


96.1 


96.3 


AcrQft 4Rul 5Ni0.1 


95.3 


95.8 


ActQ7 ORul 5Nil 5 


93.7 


94.7 


A«tQ^ RRul 5Ni3 0 


91.2 


93.3 


AcrQfi QRu3 ONiO 1 


88.4 


91.7 


A rrQ^L *Rll3 ONll 5 


85.0 


87.2 


ArrQA ftRllS 0Nl3 0 


83.5 


85.6 


AfrQQ ftPllft 1 AlO 1 


98.0 


98.4 


AcrQft 4RuO 1A11 5 


97.9 


98.2 


Ao-Qfi QRuO 1A13 0 


97.5 


98.1 


A rrQR 4Rl1 1 5 AlO 1 / 


96.4 


97.5 


A<rQ7 ORul 5 All 5 


95.2 


96.5 


AcQ^ BRul 5A13 0 


93.4 


95.8 


AcrQfi QRu3 0A10 1 


90.8 


94.4 


AtrQS 5Ru3 0A11.5 


88.4 


92.7 


AffQA 0Ru3 0A13 0 


85.4 


91.5 


a<tQQ ftRuO l^bO 1 


94.7 


95.2 


A«r98 4Ru0 lNbl.5 


94.3 


94.7 


Ag96.9Ru0.lNb3.0 


93.4 


94.1 


Ap98.4Rul.5Nb0.1 


92.1 


92.5 


Ap97.0Rul.5Nb 1.5 . 


90.2 


91.3 


Ag95.5Rul.5Nb3.0 


88.1 


90.0 


Ag96.9Ru3.0Nb0.1 


85.2 


87.8 


Ag95.5Ru3.0Nbl.5 


84.1 


85.7 


Ap94.0Ru3.0Nb3.0 


82.4 


84.5 



ro0701 Thus, it was revealed that the Ag-alloy layers of the 
present invention were very useful as reflectors or 
reflective wiring electrodes for reflection-type liquid 
5 crystal display devices. 

Example 3 

r00711 In this Example, the utility of the ternary Ag-alloy 
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layer as infrared-ray or heat-ray reflecting layers for 
building glass was studied. Further, the adaptability of 
the ternary layer to a resin substrate under high 
temperature and high humidity conditions was studied. 



r00721 The tests on weather resistance under high 
temperature and high humidity conditions were carried out 
with regard to the ternary Ag-alloy layers, compared with 
10 binary Ag-alloy layers including Ag-Pd alloy layers, Ag-Au . 
alloy layers and Ag-Ru alloy layers. The ternary Ag-alloy 
layers were deposited on all kinds of substrates 
(substrates made of non-alkali glass, low-alkali glass, 
;2 borosilicate glass, and quartz glass) by ternary 

fi 15 simultaneous sputtering. The change of the Ag-alloy 

[]{ layers was examined over time in an atmosphere of 90 *C and 

Ul 90 % humidity. 

s~ [00731 The tests for weather resistance were carried out 

% 20 with regard tjb monolayers of the ternary reflecting layers 

Hi and laminates of the base film and the ternary reflecting 

P] layer. For the monolayers, the ternary reflecting layer 

i* was directly deposited on the substrate. For the laminates, 

the base film such ITO, Zn0 2 , Zn0 2 -Al 2 0 3 composite oxide and 
25 Si0 2 was deposited on the substrate and then the Ag-alloy 

reflecting layer was deposited on the base film. The 

difference between the monolayers and the laminates was 

also evaluated. 

30 100741 The results showed that both the monolayers of the 
ternary reflecting layer and the laminates of the base 
film and the Ag-alloy reflecting layer have higher weather 
resistance than the monolayers of the binary reflecting 
layers. The ternary reflecting layers maintained heat 

35 resistance, reflection index, and weather resistance, 
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independent of the base film. It was confirmed that 
the ternary reflecting layers of the present invention 
were more useful than the conventional binary 
reflecting layer as infrared-ray or heat-ray reflecting 
layers for building glass such as windowpanes (data not 
shown) . 

I 0075lWidely used conventional reflecting layers made of 
Al, an Al alloy, Ag, an Ag-Pd alloy react with a resin 
substrate at the adhesive interface when kept under 
high temperature and high humidity conditions. The 
following tests were conducted on the chemical 
stability of the reflecting layers of the present 
invention against the resin substrates under high 
temperature and high humidity conditions. 
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roo761 To confirm the chemical stability of the ternary 
reflecting layers of the present invention, the 
reflecting layers were deposited at a thickness of 15nm 
on the resin layer of PMMA, PET, PC, silicone, and the 
like by ternary simultaneous sputtering. The layers 
were kept under high temperature and high humidity 
conditions for 24 hours. The change in appearance and 
reflection characteristics over time was examined. 



Table 5 



Material 
composition .( w t%) 


Results of high temperature and high humidity tests 


Change in chemical 
characteristics (decrease in 
reflection index) 


Visual change to a dull white 
color, detachment from the 
substrate 


Ag98.0Pd2.0 


many black stains 


detachment occured 


Ag97.0Pd3.0 


moderate black stains 


detachment occured 


Ag99.8PdO*lCu0.1 


no change 


less color change 


Ag99.4Pd0.5Cu0.1 


no change 


no change 
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Ag98.1Pd0.9Cul.O 


no change 


no change 


Ag98.9Pdl.0Cu0.1 


no change 


no change 


Ag97.9Pd2.0Cu0.1 


no change 


no change 


Ag96.9Pd3.0Cu0.1 


no change 


no change 


Ag96.5Pd3.0Cu0. 5 


no change 


no change 


Ag94.0Pd3.0Cu3.0 


no change 


no change 


Ag99.4Pd0.1Ti0.1 


no change 


no change 


Ag99.4Pd0.5Ti0.1 


no change 


no change 


Ag98.1Pd0.9Til.0 


no change 


no change 


Ag98.9Pdl.0Ti0.1 


no change 


no change 


Ag97.9Pd2.0Ti0.1 


no change 


no change 


Ag96.9Pd3.0Ti0.1 


no change 


no change 


Ag96.5Pd3.0Ti0. 5 


no change 


no change 


Ag94.0Pd3.0Ti3.0 


no change 


no change 


Ag99.8Pd0.1Au0.1 


no change 


no change 


Ag98.4PdO.lAul. 5 


no change 


no change 


Ag96.9Pd0.1Au3.0 


no change 


no change 


Ag98.4Pdl.5Au0.1 


no change 


no change 


Ag97.0Pdl.5Aul. 5 


no change 


no change 


Ag95.5Pdl.5Au3.0 


no change 


no change 


Ag96.9Pd3.0Au0.1 


no change 


no change 


Ag95.5Pd3.0Aul. 5 


no change 


no change 


Ag94.0Pd3.0Au3.0 


no change 


no change 


Ag99.8PdO*lCr0.1 


no change 


no change 


Ag98.4PdO.lCrl. 5 


no change 


no change 


Ag96.9Pd0.1Cr3.0 


no change 


no change 


Ag98.4Pdl.5Cr0.1 


no change 


no change 


Ag97.0Pdl.5Crl. 5 


no change 


no change 


Ag95.5Pdl.5Cr3.0 


no change 


no change 


Ag96.9Pd3.0Cr0.1 


no change 


no change 


Ag95.5Pd3.0Crl. 5 


no change 


no change 


Ag94.0Pd3.0Cr3.0 


no change 


no change 


Ag99.8Pd0.1Ta0.1 


no change 


no change 


Ag98.4Pd0.lTal. 5 


no change 


no change 


Ag96.9Pd0.1Ta3.0 


no change 


no change 
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Ag98.4Pdl.5Ta0.1 


no change 


no change 


Ag97.0Pdl.5Tal. 5 


no change 


no change 


Ag95.5Pdl.5Ta3.0 


no change 


no change 


Ag96.9Pd3.0Ta0.1 


no change 


no change 


Ag95.5Pd3.0Tal. 5 


no change 


no change 


Ag94.0Pd3.0Ta3.0 


no change 


no change 


Ag99.8Pd0.1Mo0.1 


no change 


no change 


Ag98.4Pd0.lMol. 5 


no change 


no change 


Ag96.9Pd0.1Mo3.0 


no change 


no change 


Ag98.4Pdl.5Mo0.1 


no change 


no change 


Ag97.0Pdl.5Mol.5 


no change 


no change 


Ag95.5Pdl.5Mo3.0 


no change 


no change 


Ag96.9Pd3.0Mo0.1 


no change 


no change 


Ag95.5Pd3.0Mol. 5 


no change 


no change 


Ag94.0Pd3.0Mo3.0 


no change 


no change 


Ag98.4Pd0.1Ni0.1 


no change 


no change 


Ag98.4PdO.lNil. 5 


no change 


no change 


Ag96.9Pd0.1Ni3.0 


no change 


no change 


Ag98.4Pdl.5Ni0.1 


no change 


no change 


Ag97.0Pdl.5Nil. 5 


no change 


no change 


Ag95.5Pdl.5Ni3.0 


no change 


no change 


Ag96.9Pd3.0Ni0.1 


no change 


no change 


Ag95.5Pd3.0Nil. 5 


no change 


no change 


Ag94.0Pd3.0Ni3.0 


no change 


no change 


Ag99.8Pd0.1A10.1 


no change 


no change 


Ag98.4PdO.lAll. 5 


no change 


no change 


Ag96.9Pd0.1A13.0 


no change 


no change 


Ag98.4Pdl.5A10.1 


no change 


no change 


Ag97.0Pdl.5All. 5 


no change 


no change 


Ag95.5Pdl.5A13.0 


no change 


no change 


Ag96.9Pd3.0A10.1 


no change 


no change 


Ag95.5Pd3.0All. 5 


no change 


no change 


Ag94.0Pd3.0A13.0 


no change 


no change 


Ag99.8Pd0.1Nb0.1 


no change 


no change 


Ag98.4Pd0.1Nbl.5 


no change 


no change 
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Ag96.9Pd0.1Nb3.0 


no change 


no change 


Ag98.4Pdl.5Nb0.1 


no change 


no change 


Ag97.0Pdl.5Nbl. 5 


no change 


no change 


Ag95.5Pdl.5Nb3.0 


no change 


no change 


Ag96.9Pd3.0Nb0.1 


no change 


no change 


Ag95.5Pd3.ONbl. 5 


no change 


no change 


Ag94.0Pd3.0Nb3.0 


no change 


no change 


Ag99.8Ru0.1Au0.1 


no change 


no change 


Ag98.4RuO.lAul. 5 


no change 


no change 


Ag96.9Ru0.1Au3.0 


no change 


no change 


Ag98.4Rul.5Au0.1 


no change 


no change 


Ag97.0Rul.5Aul. 5 


no change 


no change 


Ag95.5Rul.5Au3.0 


no change 


no change 


Ag96.9Ru3.0Au0.1 


no change 


no change 


Ag95.5Ru3.0Aul. 5 


no change 


no change 


Ag94.0Ru3.0Au3.0 


no change 


no change 


Ag99.8Pd0.1Ru0.1 


no change 


no change 


Ag98.4Pd0.lRul. 5 


no change 


no change 


Ag96.9Pd0.1Ru3.0 


no change 


no change 


Ag98.4Pdl.5Ru0.1 


no change 


no change 


Ag97.0Pdl.5Rul. 5 


no change 


no change 


Ag95.5Pdl.5Ru3.0 


no change 


no change 


Ag96.9Pd3.0Ru0.1 


no change 


no change 


Ag95.5Pd3.0Rul. 5 


no change 


no change 


Ag94.0Pd3.0Ru3.0 


no change 


no change 


AgAuX Table 5 Continued 


Material 
composition (wt%) 


Results of high temperature and high humidity tests 


Change in chemical 
characteristics (decrease in 
reflection index) 


Visual change to a dull 
white color, detachment 
from the substrate 


Ag98.0Au2.0 


many black stains 


detachment occured 


Ag97.0Au3.0 


moderate black stains 


detachment occured 
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Ag99.8Au0.1Cu0.1 


no change 


no change 


Ag99.4Au0.5Cu0.1 


no change 


no change 


Ag98.1Au0.9Cul.O 


no change 


no change 


Ag98.9Aul.0Cu0.1 


no change 


no change 


Ag97.9Au2.0Cu0.1 


no change 


no change 


Ag96.9Au3.0Cu0.1 


no change 


no change 


Ag96.5Au3.0Cu0.5 


no change 


no change 


Ag94.0Au3.0Cu3.0 


no change 


no change 


Ag99.8Au0.1Ti0.1 


no change 


no change 


Ag99.4Au0.5Ti0.1 


no change 


no change 


Ag98.1Au0.9Til.O 


no change 


no change 


Ag98.9Aul.0Ti0.1 


no change 


no change 


Ag97.9Au2.0Ti0.1 


no change 


no change 


Ag96.9Au3.0Ti0.1 


no change 


no change 


Ag96.5Au3.0Ti0. 5 


no change 


no change 


Ag94.0Au3.0Ti3.0 


no change 


no change 


Ag99.8Au0.1Cr0.1 


no change 


no change 


Ag98.4AuO.lCrl. 5 


no change 


no change 


Ag96.9Au0.1Cr3.0 


no change 


no change 


Ag98.4Aul.5Cr0.1 


no change 


no change 


Ag97.0Aul.5Crl. 5 


no change 


no change 


Ag95.5Aul.5Cr3.0 


no change 


no change 


Ag96.9Au3.0Cr0.1 


no change 


no change 


Ag95.5Au3.0Crl. 5 


no change 


no change 


Ag94.0Au3.0Cr3.0 


no change 


no change 


Ag99.8Au0.1Ta0.1 


no change 


no change 


Ag98.4AuO.lTal. 5 


no change 


no change 


Ag96.9Au0.1Ta3.0 


no change 


no change 


Ag98.6Aul.5Ta0.1 


no change 


no change 


Ag97.0Aul.5Tal. 5 


no change 


no change 


Ag95.5Aul.5Ta3.0 


no change 


no change 


Ag96.9Au3.0Ta0.1 


no change 


no change 


Ag95.5Au3.0TaL5 


no change 


no change 


Ag94.0Au3.0Ta3.0 


no change 


no change 
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Ag99.8Au0.1Mo0.1 


no change 


no change 


Ag98.4AuO.lMol. 5 


no change 


no change 


Ag96.9Au0.1Mo3.0 


no change 


no change 


Ag98.4Aul.5Mo0.1 


no change 


no change 


Ag97.0Aul.5Mol. 5 


no change 


no change 


Ag95.5Aul.5Mo3.0 


no change 


no change 


Ag96.9Au3.0Mo0.1 


no change 


no change 


Ag95.5Au3.0Mol. 5 


no change 


no change 


Ag94.0Au3.0Mo3.0 


no change 


no change 


Ag99.8Au0.1Ni0.1 


no change 


no change 


Ag98.4AuO.lNil. 5 


no change 


no change 


Ag96.9Au0.1Ni3.0 


no change 


no change 


Ag98.4Aul.5Ni0.1 


no change 


no change 


Ag97.0Aul.5Nil. 5 


no change 


no change 


Ag95.5Aul.5Ni3.0 


no change 


no change 


Ag96.9Au3.0Ni0.1 


no change 


no change 


Ag95.5Au3.0Nil. 5 


no change 


no change 


Ag94.0Au3.0Ni3.0 


no change 


no change 


Ag99.8Au0.1A10.1 


no change 


no change 


Ag98.4AuO.lAll. 5 


no change 


no change 


Ag96.9Au0.1A13.0 


no change 


no change 


Ag98.4Aul.5A10.1 


no change 


no change 


Ag97.0Aul.5All. 5 


no change 


no change 


Ag95.5Aul.5A13.0 


no change 


no change 


Ag96.9Au3.0A10.1 


no change 


no change 


Ag95.5Au3.0All. 5 


no change 


no change 


Ag94.0Au3.0A13.0 


no change 


no change 


Ag99.8Au0.1Nb0.1 


no change 


no change 


Ag98.4AuO.lNbl. 5 


no change 


no change 


Ag96.9Au0.1Nb3.0 


no change 


no change 


Ag98.4Aul.5Nb0.1 


no change 


no change 


Ag97.0Aul.5Nbl. 5 


no change 


no change 


Ag95.5Aul.5Nb3.0 


no change 


no change 


Ag96.9Au3.0Nb0.1 


no change 


no change 


Ag95.5Au3.0Nbl. 5 


no change 


no change 


Ag94.0Au3.0Nb3.0 


no change 


no change 
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AgRuX Table 5 Continued 





Material 


Results of high temperature and high humidity tests 




composition (wt%) 


Change in chemical 
characteristics (decrease in 
reflection index) 


Visual change to a dull 
white color, detachment 
from the substrate 




Ag98.0Ru2.0 


many black stains 


detachment occured 




Ag97.0Ru3.0 


moderate black stains 


detachment occured 




Ag99.8Ru0.1Cu0.1 


no change 


no change 




Ag99.4RuO.5CuO. 1 


no change 


no change 




Ag98.lRu0.9Cul.O 


no change 


no change 




Ag98.9Rul.0Cu0. 1 


no change 


no change 




Ag97.9Ru2.0Cu0.1 


no change 


no change 


m 


Ag96.9Ru3.0Cu0.1 


no change 


no change 


Ag96.5Ru3.0Cu0. 5 


no change 


no change 


Hj 


Ag94.0Ru3.0Cu3.0 


no change 


no change 


i n 


Ag99.8Ru0.1Ti0.1 


no change 


i 

no change 




Ag99.4Ru0.5Ti0. 1 


no change 


no change 


= 


Ag98.lRu0.9Til .0 


no change 


no change 


"1- 


Ag98.9Rul.0Ti0.1 


no change 


no change 


III 


Ag97.9Ru2.0Ti0. 1 


no change 


no change 


i:i 


Ag96.9Ru3.0Ti0.1 


no change 


no change 


h si 
a 


Ag96.5Ru3.0Ti0. 5 


no change 


no change 




Ag94.0Ru3.0Ti3.0 


no change 


no change 




Ag99.8RuO. 1 C rO. 1 


no change 


no change 




Ag98.4RuO. lCrl.5 


• 

no change 


no change 




Ag96.9RuO. lCrJ.U 


no change 


no change 




a — rvo /in,.i c ~C\ 1 

Ag98.4Rul.5CrU. 1 


no change 


no change 




Ag97-.0Ru 1 . 5Cr.l . o 


_ IrlldllgV 


no chanee 

UVriF Vll 1*11 ft V 




AffQS SRu1 5Cr3 0 


no change 


no change 




Ag96.9Ru3.0Cr0.1 


no change 


no change 




Ag95.5Ru3.0Crl. 5 


no change 


no change 




Ag94.0Ru3.0Cr3.0 


no change 


no change 




Ag99.8Ru0.1Ta0.1 


no change 


no change 




Ag98.4RuO.lTal. 5 


no change 


no change 
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Ag96.9Ru0.1Ta3.0 


no change 


no change 


Ag98.4Rul.5Ta0.1 


no change 


no change 


Ag97.0Rul.5Tal. 5 


no change 


no change 


Ag95.5Rul.5Ta3.0 


no change 


no change 


Ag96.9Ru3.0Ta0.1 


no change 


no change 


Ag95.5Ru3.0Tal. 5 


no change 


no change 


Ag94.0Ru3.0Ta3.0 


no change 


no change 


Ag99.8Ru0.1Mo0.1 


no change 


no change 


Ag98.4Ru0.1Mol.5 


no change 


no change 


Ag96.9Ru0.1Mo3.0 


no change 


no change 


Ag98.4Rul.5Mo0.1 


no change 


no change 


Ag97.0Rul.5Mol. 5 


no change 


no change 


Ag95.5Rul.5Mo3.0 


no change 


no change 


Ag96.9Ru3.0Mo0.1 


no change 


no change 


Ag95.5Ru3.0Mol. 5 


no change 


no change 


Ag94.0Ru3.0Mo3.0 


no change 


no change 


Ag99.8Ru0.1Ni0.1 


no change 


no change 


Ag98.4RuO.lNil. 5 


no change 


no change 


Ag96.9Ru0.1Ni3.0 


no change 


no change 


Ag98.4Rul.5Ni0.1 


no change 


no change 


Ag97.0Rul.5Nil. 5 


no change 


no change 


Ag95.5Rul.5Ni3.0 


no change 


no change 


Ag96.9Ru3.0Ni0.1 


no change 


no change 


Ag95.5Ru3.0Nil. 5 


no change 


no change 


Ag94.0Ru3.0Ni3.0 


no change 


no change 


Ag99.8Ru0.1AI0.1 


no change 


no change 


Ag98.4RuO.lAU. 5 


no change 


no change 


Ag96.9Ru0.1A13.0 


no change 


no change 


Ag98.4Rul.5A10.1 


no change 


no change 


Ag97.0Rul.5All. 5 


no change 


no change 


Ag95.5Rul.5A13.0 


no change 


no change 


Ag96.9Ru3.0A10.1 


no change 


no change 


Ag95.5Ru3.0All. 5 


no change 


no change 


Ag94.0Ru3.0A13.0 


no change 


no change 
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Ag99.8Ru0.1Nb0.1 


no change 


no change 


Ag98.4RuO.lNbl. 5 


no change 


no change 


Ag96.9Ru0.1Nb3.0 


no change 


no change 


Ag98.4Rul.5Nb0.1 


no change 


no change 


Ag97.0Rul.5Nb 1.5 


no change 


no change 


Ag95.5Rul.5Nb3.0 


no change 


no change 


Ag96.9Ru3.0Nb0.1 


no change 


no change 


Ag95.5Ru3.ONb 1.5 


no change 


no change 


Ag94.0Ru3.0Nb3.0 


no change 


no change 



r00771 As shown in Table 5, no. change was observed with the 
ternary Ag-alloy reflecting layers after 24 hours. When the 
reflection index of the ternary reflecting layer on the 
5 various resin substrates was measured by a 

spectrophotometer, no decrease in reflection index was 
observed at the optical wavelength of 565 nm, which is 
useful for reflection-type liquid crystal display devices, 
and in the optical wavelength regions from 400nm to 4jjjti, 
10 which is required for building glass (data not shown) . 

[00781 The ternary reflecting layers of the present invention 
proved to have high chemical stability against resin and to 
be not limited to a particular substrate material unlike 
15 conventional layers. 

Example 4 

[00791 Adhesion between the ternary reflecting layers of the 
20 present invention and various substrates and the effect of 

the__base film , whi ch was pla ced between the reflect ing layer 
and the substrate, on the adhesion were examined. 

[0080] Firstly, the reflecting layers were deposited 
25 directly on the substrates of PMMA, PET, PC, silicone, 
acrylic resin, non-alkali glass, low-alkali glass, 
borosilicate glass, and quartz glass by RF sputtering to 
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25 



30 



form a laminate. A JIS (Japanese Industrial Standard) 
cellophane tape was attached to the reflecting layer. The 
detachment of the reflecting layer from the substrate when 
the tape was stripped of at given tension was observed. In 
addion, the laminate was diced with a cutter and dipped in 
pure water in a beaker. Ultrasonic waves were applied to 
the pure water. The frequency of the ultrasonic waves was 
50 KHz and the electric power was 100W. After the 
application of the ultrasonic waves, detachment of the 
reflecting layer was observed under a x40 microscope and 
the necessity of the base film was examined. 



r00811 No detachment was observed with PMMA, PET, PC, 
silicone, and acrylic resin. The reflecting layer of the 
15 . present invention was much more adhesive to the resin 
substrates compared with conventional layers of Al, Al 
alloy, Ag, or Ag alloy. 



r00821 On the other hand, partially or extensive detachment 
was observed /W ith non-alkali glass, low-alkali glass, 
borosilicate glass, and quartz glass. The reflecting layer 
of the present invention had poor adhesion to the glass 
substrates although the degree of detachment is different 
in cases (data not shown) . 



roQ831 Secondarily, to improve adhesion of the reflecting 
layer to the glass substrate or to attain high reflecting 
performance without impairing the reflection index of the 
reflecting layery-the- base f i-lm-of— S-i-r Ta, — T-i,— Mo, Cr, Al, 
ITO, Zn0 2 , Si0 2 , Ti0 2 , Ta 2 O s , Zr0 2 , ln 2 0 3 , SnO z , Nb 2 0 5 , or MgO 
was applied to the substrates of PMMA, PET, PC, silicone, 
acrylic resin, non-alkali glass, low-alkali glass, 
borosilicate glass, and quartz glass by RF sputtering. 
Then the ternary reflecting layer of the present invention 
35 was deposited on the base film by RF sputtering to form a 
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laminate. A strip of JIS cellophane tape was attached to 
the uppermost layer. The detachment of the reflecting 
layer from the substrate when the tape was stripped of at 
given tension was observed as described above. In addition, 
the laminate was diced with a cutter and dipped in pure 
water in a beaker. Ultrasonic waves were applied to the 
pure water. The frequency of the ultrasonic waves was 
50KHz and the electric power was 100W. After the 
application of the ultrasonic waves, detachment of the 
reflecting layer was observed under a x40 microscope and 
the effect of the base film was examined. 



15 



20 



r0084] as shown in Table 6, when the base film was used, no 
detachment was observed whether the reflecting layer was 
pure Ag or an Ag alloy. The reflection index of the 
reflecting layer used in the tests was measured by a 
spectrophotometer.' Table 7 showed that not only the 
adhesion but also the reflection index were improved when 
a specific base film (Ti0 2 -Nb 2 0 5 ) was used. 



Table 6 


Material 


Detachment tests 




of base film 


5min 


lOmin 


15min 


20min 


In20* 


no detachment 


no detachment 


no detachment 


no detachment 


SnO, 


no detachment 


no detachment 


no detachment 


no detachment 


NboO K 


no detachment 


no detachment 


no detachment 


no detachment 


MgO 


no detachment 


no detachment 


no detachment 


no detachment 


ITO 


no detachment 


no detachment 


no detachment 


no detachment 


ZnOo 


no detachment 


no detachment 


no detachment 


no detachment 


SiO, 


no detachment 


no detachment 


no detachment 


no detachment 


TiO, 


no detachment 


no detachment 


no detachment 


no detachment 


Ta 9 O fi 


~no~detachment 


nodetachment- 


-no detachment- 


_no detachment 


ZrOo 


no detachment 


no detachment 


no detachment 


no detachment 


Si 


no detachment 


no detachment 


no detachment 


no detachment 


Ta 


no detachment 


no detachment 


no detachment 


no detachment 


Ti 


no detachment 


no detachment 


no detachment 


no detachment 


Mo 


no detachment 


no detachment 


no detachment 


no detachment 


Cr 


no detachment 


no detachment 


no detachment 


no detachment 


Al 


no detachment 


no detachment 


no detachment 


no detachment 
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Table 7 



Material 


wavelength 


wavelength 


wavelength 


wavelength 


waveiengm 




400 00 


450.00 


500.00 


550.00 


565.00 




nm 


nm 


nm 


n m 
11111 


nm 




reflection 


reflection 


reflection 


reflection 


reiieciion 




index 


index 


index 


index 


index 




(%) 




\ /0 ) 


v /0 / 




pure Ag 


94.80 


96.60 


97.70 


m on 




AgPd 


92.30 


94.05 


95.12 


95.32 


95.42 


AgPdCu 


91.50 


92.40 


93.60 


94.10 


93.36 


AgPdTi 


88.90 


90.59 


91.62 


91.81 


91.90 


AgPdCr 


88.40 


90.08 


91.11 


91.29 


91.38 


AgPdTa 


88.30 


89.98 


91.00 


91.19 


91.28 


AgPdMo 


88.00 


89.67 


90.69 


90.88 


90.97 


AgPdNi 


88.20 


89.77 


90.89 


90.98 


91.17 


AgPdAl 


88.90 


90.49 


91.61 


91.70 


91.79 


AgPdNb 


88.80 


90.38 


91.51 


91.60 


91.79 


AgAu 


92.80 


94.56 


95.64 


95.83 


95.93 


AgAuCu 


92.46 


94.22 


95.29 


95.48 


95.58 


AgAuTi 


88.44 


90.12 


91.15 


91.33 


91.43 


AgAuCr 


88.56 


90.24 


91.27 


91.46 


91.55 


AgAuTa 


88.30 


89.98 


91.00 


91.19 


91.28 


AgAuNi 


88.00 


89.67 


90.69 


90.88 


90.97 


AgAuMo 


88.10 


89.77 


90.80 


90.98 


91.07 


AgAuPd 


89.00 


90.69 


91.72 


91.91 


92.00 


AgAuAl 


88.70 


90.39 


91.41 


91.60 


91.69 


AgAuNb 


88.60 


90.28 


91.31 


91.50 


91.59 


AgRu 


89.00 


90.69 


91.72 


91.91 


92.00 


AgRuCu 


88.45 


90.13 


91.16 


91.34 


91.44 


AgRuTi 


88.34 




Q 1 f\A 


7 1 i^J 


Q1 12 


AgRuCr 


88.76 


90.45 


91.48 


91.66 


91.76 


AgRuTa 


88.23 


89.91 


90.93 


91.12 


91.21 


AgRuNi 


87.80 


89.47 


90.49 


90.67 


90.76 


AgRuMo 


88.44 


90.12 


91.15 


91.33 


91.43 


AgRuPd 


87.67 


89.34 


90.35 


90.54 


90.63 


AgRuAl 


88.97 


90.66 


91.69 


91.88 


91.97 


AgRuNb 


87.98 


89.65 


90.67 


90.86 


90.95 



[0085] Particularly, the base films of Ti0 2/ Ta 2 0 5 , Zr0 2 , 
- - l-n 2 G 3T — S-n-O-2 / -Nb 2 o 5 — a-n-d- -M g— h a d— h ig h- re f r action_i ndic.es 
5 and low absorpt ivi t ies , as represented by In 2 0 3 -Nb 2 0 5 in 
Table 8. Changes in optical characteristics based on 
the refraction index were prevented in these films. 
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Table 8 





ln 2 0 3 - 


In 2 0 3 - 


ln 2 0 3 - 


ln 2 0 3 - 


ln 2 0 3 - 




15wt%Nb 2 


12.5wt%Nb 2 


10wt%Nb 2 O 


7.5wt%Nb 2 


5wt%Nb 2 O s 




o 5 


o 5 


5 








refraction 


refraction 


refraction 


refraction 


refraction 




index 


index 


index 


index 


index 


400 


2.34 


2.32 


2.34 


2.30 


2.34 


450 


2.26 


2.25 


2.26 


2.23 


2.26 


500 


2.22 


2.21 


2.21 


2.18 


2.20 


550 


2.19 


2.18 


2.18 


2.16 


2.17 


560 


2.19 


2.18 


2.17 


2.15 


2.17 



Example 5 

5 [00861 The effect of a coating layer on heat resistance 
and reflection index of the reflecting layer was 
examined. On the conventional Ag reflecting layers 
(pure Ag or binary Ag alloy) or the ternary reflecting 
layers of the present invention, a coating layer that 

10 includes ln 2 0 3 as a main component and at least one of 
Sn0 2/ Nb 2 0 5/ Si0 2 , MgO and Ta 2 0 5 was deposited to form a 
laminate. The laminate was annealed at the temperature 
250 □, which is the temperature applied to the 
substrate during the manufacturing process of the 

15 liquid crystal display device. 

r00871 Without a coating layer, the optical absorptivity 
of reflecting layer increased after annealing, which 
led to deterioration of the layer, as shown in Table 9. 
20 The experimental data of optical absorptivity when the 
coating layer was used for heat resistance were shown 
l'rTTaBles 10 "tTo~T2~ 
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Table 9 



without a coating layer 



\/f n tf»ri $i 1 
iviaici lai 


anneal 


as-depo 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


absorp- 
tivity 

(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


aDSOrp- 

tivity 
(%) 


ausorp- 
tivity 

(%) 


tivity 
(%) 


tivity 
(%) 


pure Ag 


5.2 


3.6 


2.8 


2.8 


1.9 


5 


3.2 


2.1 


2.6 


1.8 


AgPd 


6.4 


5.5 


6.3 


5.5 


5.1 


6.0 


5.2 


6.1 


5.4 


5.0 


AgPdCu 


6.6 


5.7 


6.5 


5.8 


5.5 


6.5 


5.6 


6.2 


5.7 


5.1 


AgPdTi 


6.9 


5.9 


6.6 


5.7 


5.5 


6.7 


5.8 


6.4 


5.6 


5.3 


AgPdCr 


6.8 


5.9 


6.5 


5.7 


5.3 


6.6 


5.8 


6.3 


5.5 


5.0 


AgPdTa 


6.6 


5.8 


6.6 


5.8 


5.3 


6.4 


5.5 


6.3 


5.6 


5.0 


AgPdMo 


6.8 


6.9 


6.4 


5.5 


5.5 


6.6 


6.7 


6.3 


5.5 


5.2 


AgPdNi 


6.7 


5.7 


6.2 


5.5 


5.4 


6.4 


5.7 


5.9 


5.5 


5.1 


AgPdAl 


6.6 


6.6 


6.4 


5.5 


5.2 


6.5 


6.5 


6.2 


5.5 


5.1 


AgPdNb 


6.7 


5.8 


6.3 


5.7 


5.1 


6.5 


5.7 


6.3 


5.4 


4.9 


AgAu 


6.3 


5.3 


6.2 


5.3 


5.0 


6.0 


5.1 


6.0 


5.2 


5.0 


AgAuCu 


7.4 


6.7 


7.2 


6.2 


6.2 


7.1 


6.5 


7.0 


6.1 


6.0 


AgAuTi 


6.6 


5.8 


6.4 


5.7 


5.3 


6.4 


5.2 


6.3 


5.6 


5.2 


AgAuCr 


6.8 


5.9 


6.6 


5.8 


5.5 


6.7 


5.8 


6.4 


5.6 


5.3 


AgAuTa 


6.9 


5.9 


6.5 


5.7 


5.3 


6.6 


5.8 


6.3 


5.6 


5.2 


AgAuNi 


6.8 


5.9 


6.3 


5.7 


5.4 


6.5 


5.8 


6.1 


5.6 


5.2 


AgAuMo 


6.7 


6.8 


6.4 


5.6 


5.4 


6.6 


6.7 


6.3 


5.5 


5.2 


AgAuPd 


7.5 


6.3 


7.5 


6.3 


6.2 


7.1 


6.1 


7.0 


6.2 


6.0 


AgAuAl 


6.7 


6.7 


6.5 


5.6 


5.4 


6.6 


6.5 


6.3 


5.5 


5.2 


AgAuNb 


6.8 


5.9 


6.4 


5.7 


5.2 


6.6 


5.8 


6.3 


5.5 


5.0 


AgRu 


6.3 


5.4 


6.2 


5.3 


5.2 


6.1 


5.1 


6.0 


5.3 


5.1 


AgRuCu 


6.8 


5.9 


6.4 


5.7 


5.2 


6.4 


5.5 


6.3 


5.6 


5.0 


AgRuTi 


6.7 


5.9 


6.5 


5.6 


5.2 


6.6 


5.8 


6.3 


5.5 


5.0 


AgRuCr 


6.7 


5.9 


6.6 


5.7 


5.3 


6.5 


5.7 


6.3 


5.5 


5.0 


AgRuTa 


6.5 


5.8 


6.7 


5.7 


5.2 


6.4 


5.5 


6.3 


5.6 


5.0 


AgRuNi 


7.3 


6.6 


7.5 


6.3 


6.3 


7.1 


6.4 


7.0 


6.1 


6.0 


AgRuMo 


7.3 


6.8 


7.3 


6.2 


6.2 


7.1 


6.3 


7.1 


6.1 


6.0 


AgRuPd 


6.7 


6.8 


6.4 


5.5 


5.3 


6.6 


6.6 


6.2 


5.4 


5.2 


AgRu A 1 


6.8 


6.9 


6.4 


5.6 


5.3 


6.6 


6.7 


6.3 


5.5 


5.2 


AgRuNb 


6.8 


6.9 


6.3 


5.6 


5.4 


6.5 


6.6 


6.1 


5.5 


5.2 
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Table 10 



Si0 2 /Ag alloy 



Material 


S1O2 anneal 


SiC>2 as-depo 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%)□ 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


pure Ag 


26.5 


11.65 


4.92 


4.72 


5.02 


34.5 


16.64 


5.81 


5.71 


5.05 


AgPd 


26.8 


12.59 


5.68 


5.23 


6.96 


27.8 


14.59 


8.68 


6.23 


8.98 


AgPdCu 


27.09 


13.06 


8.94 


6.77 


6.28 


35.8 


18.64 


11.91 


8.74 


8.05 


AgPdTi 


36.5 


17.54 


11.45 


8.58 


7.59 


36.8 


17.68 


11.85 


8.76 


8.00 


AgPdCr 


35.5 


18.45 


10.59 


8.58 


7.96 


35.9 


18.65 


10.69 


8.75 


8.04 


AgPdTa 


36.1 


18.44 


11.34 


8.50 


7.58 


36.2 


18.54 


11.54 


8.54 


8.02 


AgPdMo 


36.4 


18.57 


11.15 


8.41 


7.21 


36.5 


18.67 


11.59 


8.45 


7.25 


AgPdNi 


35.78 


18.21 


11.07 


8.29 


7.37 


36.29 


18.55 


10.94 


8.25 


7.11 


AgPdAl 


35.89 


18.15 


10.8 


8.33 


7.64 


36.58 


18.41 


11.39 


8.42 


7.76 


AgPdNb 


35.88 


18.13 


10.86 


8.29 


6.93 


36.99 


18.53 


11.08 


8.26 


7.1 


AgAu 


26.2 


12.31 


5.50 


5.10 


7.99 


27.7 


14.45 


8.52 


6.12 


8.85 


AgAuCu 


36.1 


17.53 


11.45 


8.58 


7.25 


36.5 


18.66 


11.25 


8.25 


7.36 


AgAuTi 


35.4 


18.40 


10.59 


8.58 


7.96 


36.3 


17.67 


11.80 


8.73 


8.00 


AgAuCr 


36.0 


18.32 


11.34 


8.50 


7.58 


36.2 


18.64 


10.25 


8.75 


8.04 


AgAuTa 


36.3 


18.44 


11.15 


8.41 


7.21 


36.5 


18.53 


11.55 


8.54 


8.00 


AgAuNi 


36.0 


18.31 


11.32 


8.50 


7.58 


36.4 


18.66 


11.20 


8.41 


7.25 


AgAuMo 


36.0 


18.35 


11.58 


8.50 


7.58 


36.8 


17.65 


11.84 


8.73 


8.00 


AgAuPd 


36.3 


18.58 


11.14 


8.41 


7.21 


37.0 


18.61 


10.21 


8.74 


8.02 


AgAuAl 


36.1 


18.24 


11.05 


8.45 


7.85 


36.7 


18.51 


1 1.52 


8.56 


8.00 


AgAuNb 


36.1 


18.25 


11.11 


8.41 


7.14 


37.1 


18.62 


11.21 


8.41 


7.24 


AgRu 


26.5 


12.45 


5.55 


5.25 


7.96 


27.7 


14.59 


8.75 


6.35 


8.99 


AgRuCu 


36.0 


17.52 


11.45 


8.58 


7.25 


36.4 


17.66 


11.81 


8.73 


7.56 


AgRuTi 


35.3 


18.49 


10.59 


8.58 


7.96 


36.2 


18.64 


10.24 


8.75 


7.35 


AgRuCr 


35.8 


18.30 


11.34 


8.50 


7.58 


36.1 


18.52 


11.55 


8.54 


8.00 


AgRuTa 


36.2 


18.42 


11.15 


8.41 


7.21 


36.4 


18.65 


11.21 


8.42 


7.52 


AgRuNi 


36.1 


18.35 


11.33 


8.50 


7.58 


36.9 


17.64 


11.84 


8.71 


8.01 


AgRuMo 


36.1 


18.34 


11.58 


8.50 


7.58 


36.8 


18.60 


10.22 


8.72 


8.02 


AgRuPd 


36.2 


18.59 


11.28 


8.41 


7.21 


37.1 


18.50 


11.51 


8.51 


7.96 


AgRuAl 


36.3 


18.55 


11.18 


8.41 


7.21 


36.5 


18.61 


11.20 


8.42 


7.24 


AgRuNb 


36.5 


18.24 


11.11 


8.41 


7.21 


37.2 


18.41 


10.12 


8.85 


8.12 
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Table 1 1 



In 2 03-15Nb20 5 /Ag alloy 



Material 


Hi-R anneal 


Hi-R as-depo 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 

—J V v 11111 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
io*. L 
length 

500 nm 

V V Hill 


wave- 
length 
550 nm 


wave- 
length ■ 
565 nm 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%D 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


pure Ag 


13.27 


3.48 


2.57 


2.35 


2.25 


19.84 


7.03 


3.21 


4.28 


4.24 


AgPd 


15.77 


5.34 


3.93 


3.90 


3.802 


22.15 


8.83 


4.57 


5.80 


5.78 


AgPdCu 


16.57 


6.24 


4.67 


4.68 


4.49 


22.89 


9.69 


5.30 


6.56 


6.43 


AgPdTi 


19.17 


9.16 


7.64 


7.65 


7.47 


25.29 


12.51 


8.25 


9.47 


9.35 


AgPdCr 


19.67 


9.72 


8.21 


8.22 


8.04 


25.75 


13.05 


8.82 


10.03 


9.91 


AgPdTa 


19.77 


9.84 


8.33 


8.34 


8.15 


25.85 


13.16 


8.93 


10.14 


10.02 


AgPdMo 


20.07 


10.17 


8.67 


8.68 


8.50 


26.12 


13.48 


9.27 


10.48 


10.36 


AgPdNi 


19.85 


10.07 


8.42 


8.47 


8.31 


26.01 


13.37 


9.01 


10.33 


10.22 


AgPdAl 


19.16 


9.3 


7.63 


7.75 


7.49 


25.36 


12.63 


8.36 


9.56 


9.34 


AgPdNb 


19.25 


9.38 


7.73 


7.87 


7.6 


25.46 


12.74 


8.46 


9.66 


9.54 


AgAu 


15.27 


4.78 


3.18 


3.19 


3.00 


21.69 


8.28 


3.82 


5.10 


4.98 


AgAuCu 


15.61 


5.16 


3.57 


3.58 


3.39 


22.00 


8.65 


4.21 


5.48 


5.36 


AgAuTi 


19.63 


9.68 


8.17 


8.18 


7.99 


25.72 


13.01 


8.78 


9.99 


9.87 


AgAuCr 


19.51 


9.54 


8.03 


8.04 


7.86 


25.61 


12.88 


8.64 


9.85 


9.73 


AgAuTa 


19.77 


9.84 


8.33 


8.34 


8.15 


25.85 


13.16 


8.93 


10.14 


10.02 


AgAuNi 


20.07 


10.17 


8.67 


8.68 


8.50 


26.12 


13.48 


9.27 


10.48 


10.36 


AgAuMo 


19.97 


10.06 


8.56 


8.56 


8.38 


26.03 


13.37 


9.16 


10.37 


10.25 


AgAuPd 


19.07 


9.05 


7.53 


7.54 


7.35 


25.20 


12.40 


8.14 


9.36 


9.24 


AgAuAl 


19.37 


9.39 


7.87 


7.88 


7.70 


25.48 


12.72 


8.48 


9.70 


9.58 


AgAuNb 


19.47 


9.50 


7.98 


7.99 


7.81 


25.57 


12.83 


8.59 


9.81 


9.69 


AgRu 


19.07 


9.05 


7.53 


7.54 


7.35 


25.20 


12.40 


8.14 


9.36 


9.24 


AgRuCu 


19.62 


9.67 


8.16 


8.16 


7.98 


25.71 


12.99 


8.76 


9.98 


9.86 


AgRuTi 


19.73 


9.79 


8.28 


8.29 


8.11 


25.81 


13.11 


8.89 


10.10 


9.98 


AgRuCr 


19.31 


9.32 


7.80 


7.81 


7.63 


25.42 


12.66 


8.41 


9.63 


9.51 


AgRuTa 


19.84 


9.92 


8.41 


8.42 


8.23 


25.91 


13.23 


9.01 


10.22 


10.10 


AgRuNi 


20.27 


10.40 


8.90 


8.91 


8.73 


26.31 


13.70 


9.50 


10.70 


10.58 


AgRuMo 


19.63 


9.68 


8.17 


8.18 


7.99 


25.72 


13.01 


8.78 


9.99 


9.87 


AgRuPd 


20.40 


10.55 


9.05 


9.06 


8.88 


26.43 


13.84 


9.65 


10.85 


10.73 


AgRuAl 


19.10 


9.08 


7.56 


7.57 


7.39 


25.23 


12.43 


8.17 


9.39 


9.27 


AgRuNb 


20.09 


10.20 


8.69 


8.70 


8.52 


26.14 


13.50 


9.30 


10.50 


10.38 
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Table 12 



ITO/Ag alloy 



Material 


TTO anneal 


[TO as-depo 








wave- 
length 
400 nm 


wave- 

lanfftn 

450 nm 


wave- 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


absorp- 
tivity 

(%) 


absorp- 
tivity 

(%> 


absorp- 
tivity 

w 


absorp- 
tivity 

(%i 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


tivity 
(%) 


<1 Uovl 

tivity 

(%) 


CX U O A 

tivity 
(%) 


pure Ag 


15.56 


4.87 


3.63 


4.64 


1.82 


19.05 


4.27 


i nn 
1.77 


1 KO 
l.OZ 


O.VJ& 


AgPd 


18.06 


7.69 


6.49 


7.47 


4.73 


21.55 


7.23 


4 ft! 


4.57 


.7.95 


AgPdCu 


18.86 


8.59 


7.40 


8.37 


5. DO 


99 

ZZ.OO 


ft 1ft 


5.78 


5.54 


8.89 


AgPdTi 


21.46 


11.52 


10.37 


11.31 


8. DO 


OA Q*k 


1 1 9fi 


8.94 


8.71 


11.94 


AgPdCr 


21.96 


12.09 


10.94 


11.87 


9.27 


z5.4o 


1 1 ftl 
11. OO 


9.54 


9.31 


12.53 


AgPdTa 


22.06 


12.20 


11.05 


11.99 


9.38 


25. DO 


1 1 Q*7 

11.57/ 


9.67 


9.44 


12.65 


AgPdMo 


22.36 


12.54 


11.40 


12.32 


9.73 


OK QC 


1 9 Q9 
1Z.OZ 


10.03 


9.80 


13.00 


AgPdNi 


22.14 


12.42 


11.15 


12.11 


9.54 


OK HA 

25.74 


19 91 
1Z.Z 1 


9.77 


9.65 


12.86 


AgPdAl 


21.45 


11.66 


10.37 


11.4 


8.64 


25.04 


11.4 


9.07 


8.83 


11.96 


AgPdNb 


21.54 


11.75 


10.46 


11.53 


8.82 


25.14 


1 1 CO 

11. OZ 


9.19 


8.92 


12.14 


AgAu 


17.56 


7.13 


5.92 


6.90 


4.15 


21.05 


r* CLA 


4.20 


3.96 


7.36 


AgAuCu 


17.90 


7.51 


6.30 


7.29 


4.54 


21.39 


/.U4 


4.61 


4.37 


7.76 


AgAuTi 


21.92 


12.04 


10.89 


11.83 


9.22 


O C At 

25.41 


11. oU 


9.50 


9.27 


12.48 


AgAuCr 


21.80 


11.91 


10.76 


11.69 


9.08 


ZO.zU 


1 1 

11. DD 


9.35 


9.12 


12.34 


AgAuTa 


22.06 


12.20 


11.05 


11.99 


9.3o 


OK CC 


1 1 Q7 
11. *? # 


9.67 


9.44 


12.65 


AgAuNi 


22.36 


12.54 


11.40 


12.32 


9.73 


25. o5 


1 9 Q9 
1Z.OZ 


10.03 


9.80 


13.00 


AgAuMo 


22.26 


1?.43 


11.28 


12.21 


9.oz 


ZD. / O 


1 9 9ft 


9.91 


9.68 


12.88 


AgAuPd 


21.36 


11.41 


10.25 


11.19 


o.O / 


94 


11 14 
XX. x*± 


8.82 


8.58 


11.83 


AgAuAl 


21.66 


11.75 


10.60 


11.53 


o.yz 


ZO. IO 


11 iq 


9.18 


8.95 


12.18 


AgAuNb 


21.76 


11.86 


10.71 


1 1 cc 
. 11.55 


Q HQ 


9=i 2*i 


11 61 

X X . \f X 


9.30 


9.07 


12.30 


AgRu 


21.36 


11.41 


10.25 


11.19 


o.O / 


94 ft** 


11.14 


8.82 


8.58 


11.83 


AgRuCu 


21.91 


12.03 


10.88 


1 1 QO 

11. oZ 


y.z i 


9* 40 


11.79 


9.48 


9.25 


12.47 


AgRuTi 


no /to 

22. VZ 


io IK 
XZ.XO 


ii m 


11 94 


9.34 


25.51 


11.92 


9.62 


9.39 


12.60 


Agiiul^r 


21.60 


11.68 


10.53 


11.47 


8.85 


25.09 


11.42 


9.11 


8.88 


12.11 


AgRuTa 


22.13 


12.28 


11.13 


12.06 


9.46 


25.62 


12.05 


9.75 


9.52 


12.73 


AgRuNi 


22.56 


12.76 


11.62 


12.55 


9.96 


26.05 


12.56 


10.27 


10.04 


13.23 


AgRuMo 


. 21.92 


12.04 


10.89 


11.83 


9.22 


25.41 


11.80 


9.50 


9.27 


12.48 


AgRuPd 


22.69 


12.91 


11.77 


12.70 


10.12 


26.18 


12.71 


10.43 


10.20 


13.39 


AgRuAl 


21.39 


11.44 


10.29 


11.23 


8.60 


24.88 


11.17 


8.85 


8.62 


11.86 


AcRuNb 


22.38 


12.56 


11.42 


12.35 


9.75 


25.87 


12.34 


10.05 


9.82 


13.02 



ro0883 Table 11 showed that optical absorptivity of the 
reflecting layer was reduced much more after annealing in 
the reflecting layer with the coating layer of the presen 
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invention than the reflecting layer without the coating 
layer. The In 2 0 3 -15 wt% Nb 2 0 5 coating layer of the present 
invention in Tabie 11 had lower absorptivity than the SiO z 
coating layer in Table 10 and the ITO coating layer in 
5 Table 12. 

[00891 Table 13 showed that the optical characteristics of a 
three-layer laminate that includes a base film, reflecting 
layer, and a coating layer after annealing at about 250 °C 
10 were similar to those in Tables 9 to 12. The adhesion of 
the laminate was also as good as the laminate in Table 6. 
The three-layer laminate was superior in both optical 
characteristics and adhesion. 

15 [00901 The optical characteristics of the three-layer 
laminate was not impaired by through the use of the 
coating layer. On the contrary, when the coating layer 
including ln 2 0 3 as a main component and 1-30 wt% Nb 2 O s was 
used, reflection index was increased by 1 %-6 % and the 

20 absorptivity ,was lowered after annealing at about 250 t 

ln 2 0 3 . Table 14 showed that improved reflection index and 
good optical characteristics can be obtained even when the 
thinner coating layers are used. 
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Table 13 



absorptivity 





In,0«-5wt% Nb,O s 




CDno heating 


®150 °C 


(S)300 °C 


566 


10.88 


10.24 


15.3 


564 


10.67 


10.04 


15.06 


550 


9.38 


8.829 


13.6 


500 


7.104 


7.071 


8.297 


450 


13.42 


14.38 


7.922 


400 


26.96 


27.49 


19.93 




Tn„Oo-10wt% NboO K 




©no heating 


(2)150 °C 


(D300 °C 


566 


11.13 


12.39 


13.11 


564 


10.91 


12.16 


12.88 


550 


9.639 


10.71 


11.42 


500 


7.113 


7.166 


7.236 


450 


12.72 


11.8 


9.97 


400 


27.29 


26.6 


24.28 




In,0»-15wt% Nb,0 K 




©no heating 


g)150 °C 


(D300 °C 


566 


15.97 


18.42 


20.29 


564 


15.74 


18. lV 


20.04 


550 


14.32 


16.69 


18.63 


500 


9.059 


10.57 


12.36 


450 


7.363 


7.168 


7.21 


400 


17.19 


16.56 


13.33 
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Table 14 

Change in reflection index of the reflecting layer with the change 
5 in thickness of the In 2 0 3 +Nb 2 0 5 coating layer 



^tljickness 
A [nm] ^\ 


5 nm 


49 nm 


70 nm 


74 nm 


before 
heating 


after 
heating 


before 
heating 


after 
heating 


before 
heating 


after 
heating 


after 
heating 


556 


92.99 


91 


85.61 


88.68 


83.15 


91.32 


95.27 


554 


92.91 


90.85 


85.62 


88.69 


83.18 


91.29 


95.28 


552 


92.84 


90.74 


85.63 


88.67 


83.2 


91.39 


95.28 


550 


92.92 


90.74 


85.69 


88.72 


83.35 


91.5 


95.33 


500 


90.88 


87.82 


85.22 


88.37 


83.56 


91.47 




450 


85.71 


79.83 


82.88 


85.02 


80.93 


87.77 


93.56 


400 


74.72 


70.22 


80.63 


84.96 


79.47 


85.35 


83.23 


^thickness 
A [nm] 


85 nm 


90 nm 


100 nm 




before 
heating 


after 
heating 


before 
heating 


after 
heating 


before 
heating 


after 
heating 


556 


86.8 


93.4 


81.44 


91.28 


83.36 


91.97 


554 


86.78 


93.36 


81.47 


91.29 


83.3 


91.97 


552 


86.81 


93.37 


81.5 


91.39 


83.31 


92.04 


550 


86.89 


93.43 


81.61 


91.52 


83.39 


92.14 


500 


86.02 


92.98 


81.96 


92.18 


81.36 


92.04 


450 


81.58 


88.19 


78.5 


88.9 


71.91 


87.01 


400 


74.11 


81.17 


68 


82.7 


39.88 


70.18 



r0091] The present examples and embodiments are to be 
considered as illustrative and not restrictive and the 
invention is not to be limited to the details given herein, 
10 but may be modified within the scope and equivalence of 
the appended claims. 
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